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INFRARED DOUBLE-BEAM RECORDING SPECTROPHOTOMETER 


Model NK-1 features fastest scan for a given resolution and higher 
ultimate performance than any other commercial IR prism instrument 
A new IR instrument with new versatility which 


makes it ideal for both routine control and most 
research investigations. 


vide highest ultimate resolution and signal-to- 
noise ratio. 


... Covers wavelengths from 0.2 » to 38 uw 


... anew and thoroughly researched Automatic (with attachments). 


Scan Control and Accelerated Scan Program 


... covers the 2-16 micron region in 4 minutes ... Wide line of accessories include 20-meter 


rather than the 14 minutes previously required. 


— with no sacrifice in performance! 


... 100 mm x 80 mm prism, wide globar source 
and sealed bolometer detector combine to pro- 


Engineers and scientists 
investigate challenging opportunities 
with Baird-Atomic 


ADVANCED OPTICS AND ELECTRONICS 


gas cell, ultra-micro liquid and gas cells, micro- 
beam condensing system. 


Write today for more information on this 
pace-setting B/A instrument. 


BAIRD -ATOM/C,/NC. 


JS uniwersity road » cambridge 58, mass. 


OFFICES IN LEADING CITIES OF U.S.A. 


SERVING SCIENCE 


‘APPLIED SPECTROSCOPY is a bimonthly 
sublication of the Society for Applied Spectro- 
scopy. Formerly called the BULLETIN OF 
THE SOCIETY FOR APPLIED SPECTROS- 
SOPY, the volume numbers are a continua- 


cion of those of the BULLETIN. 


Sit ZN Lee 
‘Editor-in-Chief .... FREDERICK C. STRONG III 
Inter American U., San German, Puerto Rico 
Managing Editor ...........cc.2......0 Leorotp May 


Assistant Editors .... 
coo cad eaepecgth AO eee, Harry M. Hyman 
. Marvin MarGosHEs 


ooo daca gs. PEC ee Ivor SIMMONS / 


Contributing Editors ........ Epwin K. Jaycox 
scien OCT eee Re Cart J. LEISTNER 
Re pee alors Ropcer W. Loorsourow 
otto ace oe ae EuGENE J. RosENBAUM 
CAE: Sr sins RayMonpD R. SAWYER 

.. JULIAN M. SIOMKAJLO 
aogeen tisk roRe eeee S. RicHarp WILEY 

Business Manager ........ JaMeEs J. Devuin, S. J. 

‘Assistant Business Manager 

§ MR te oe cc eeace ALLEN H. Okamoto 

‘Advertising Manager ............ JoHN HANSEN 


Editorial Repersentatives 


MAUSTRALIA and NEW ZEALAND—Doug- 
las Metcalfe, Watson Victor Ltd., Watson 
House, 9-13 Bligh St., Sydney, New South 
Wales 

FRANCE—A. Cornu, Compagne Francaise 
de Raffinage, Boite Postale Nr. 18, Harfleur 
(S.1.) 

GREAT BRITAIN—William M. Storey, Uni- 
cam Instruments, Ltd., Arbury Works, 
Cambridge, England 

WTALY—Riccardo Monacelli, Via Orvinio 11, 
Rome 

SWITZERLAND—E. Tuch, 139 Avenue Por- 
tes—Rouges, Neuchatel 


SUBSCRIPTIONS 


$5.00 per year in the United States and pos- 
sessions. $6.00 elsewhere. Regular members of 
the Society receive APPLIED SPECTROS- 
COPY as part of their membership. Orders 
for subscriptions, accompanied by payment, 
rmay be sent to Applied Spectroscopy, Boston 
College, Chestnut Hill 67, Mass. Individual 
‘copies of current issues $1.00. 


BACK ISSUES 


Individual copies (if available) $3.00, com- 
wlete volumes $10.00. Vols. 13, 12, 11 and 9 
are available complete; also Vol. 10 (Nos. 2, 
isa 4), 8 (Nose2, 4),-7 (Nos. 2, 3, 4). 


ADVERTISING 


‘For rates, classified advertisements to two-page 
‘color spreads, contact— 


Mr. John Hansen, Advtg. Mgr. 
APPLIED SPECTROSCOPY 
Esso Research & Engineering Co. 
Analytical Research Division 
P. O: Box 51, Linden, N. J. 


August Issue—Published Bimonthly— 
Vol. 15, No. 4, 1961 
Second Class Postage 
Paid at Piainfield, N. J. 


Known office of publication: P.O. Box 1228, 
417 Cleveland Avenue, Plainfield, New Jersey 


POSTMASTER: Send form 3579 to the publication 
office. 


© 1961 by the 
Society for Applied Spectroscopy, Inc. 


APPLIED 


INFORMATION FOR AUTHORS 


Contributions covering the theory and prac- 
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sion spectroscopy (arc and spark, flame and 
fluorescence), Raman spectroscopy, diffrac- 
tion, mass spectroscopy and nuclear magnetic 
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Catholic University of America 
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R&D Speeds Progress at United... 


New developments mark United as the 
“Ultra-Source” of Spectrographic Electrodes 


ULTRA-PURITY. Twenty years 
ago, ultra pure graphite was a laboratory oddity and 
commercially impractical. 


Today, you can purchase—off the shelf from United 
—graphite electrodes made by our own “F”’ process 
which surpass in purity those laboratory samples. 
And, United’s ultra pure electrodes are Boron-free! 


ULTRA-SERVICE. There’s no 
long wait for United spectrographic electrodes because 
we maintain an ample stock of all standard shapes. 
Our system of inventory control anticipates your needs, 
along with those of thousands of other users, six 
months in advance. Two years ago we more than 
doubled our production capacity and warehousing 
facilities to insure the ultimate in service. 


You don’t have to use the “it’s an emergency” cliche 
to get prompt delivery . . . for ultra-service is one of 
the reasons we have so many lasting friends. 


| dislike 
superlatives 
in advertising 
but “ULTRA” 
best 
describes 

our growth 


George T. Sermon, Pres. 


ULTRA-DESIGNS. Better than 
25% of our spectroscopic sales are of electrode designs 
which did not exist five years ago. For example, 
working closely with Dr. C. E. Harvey of Harvey 
Associates, we introduced the now popular line of 
Harvey Electrodes in late 1959. 


About the same time United introduced the Vacuum 
Cup electrodes developed by Ted Zink, then of Armour 
Research Foundation. These electrodes have made 
great strides in spectrographic analysis of liquids. 


Also, we now offer Ultra-Purity carbon electrodes in 
popular sizes and shapes. The complete selection of 
Ultra-Purity shapes provide a single source for 
virtually all of your electrode needs. 


ULTRA-PLANS. Our R & D 
Department is working closely with Rockwell Kent, III, 
on a project which now looks as if it will be another 
major step forward. 


In fact, R & D is working on other projects of both 
long and short range significance. The results may 
appear today to be laboratory oddities. It was from 
such a source United was born. From such we will 
continue to grow ... to progress... to serve. Write 
for our latest catalog — we'll rush it to you promptly. 
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Left, spectrum of a 0.21 mm. 
thickness sample of spectro-grade 
cyclohexane demonstrates the 
importance of high resolution for 
routine quantitative analysis. 


Right, the C-H stretching band 

of methane illustrates the increased 
8.9 cm! research data obtainable with 

— | |<— half band width high resolution spectroscopy. 


A8cm-! 
half band width —»||+— 


903 cm-} 


Beckman IR... 

highest resolution for routine 
quantitative analysis and 
advanced theoretical studies. 


High resolution of the Beckman 
IR-7 does more than merely 
separate closely spaced neighbor- 
ing bands. Note, for instance, 
how the apparent intensities of 
the two cyclohexane bands 
increase with higher resolution. 
The relatively greater increase 
in the intensity of the 903 cm-! 
band at higher resolutions is 
oben) the result of its narrower half- 
band width. These two commonly 
analyzed samples demonstrate 
the importance of high resolution , 
in both low and high frequency 
regions and, for both gas 
and liquid samples. Comparative 
spectra were run with identical 
samples; slit width and resolutions, 
were varied as noted. % High 
resolution is essential for all areas 
of spectroscopy ; for studies of 
molecular motion and structure, 
for differentiating between 
substances which exhibit similar 
spectra, and also for providing 
increased sensitivity and absolute 
accuracy for quantitative analysis. 
A further long-run advantage 
_ of high resolution is the increased 
rr lL LlcLLlLLLCLCLCLLLCLCLCLCLCLSCC#ootenttifal for transferring data 
from one instrument to another. 
For more information about high 
resolution spectrophotometers, 
including indene spectra, write 
for Data File 39-8-02. 


3.7 cm-} 
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Fullerton, California oF 
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What's New? 
Editor—Rodger W. Loofbourow 


{Contributions for this column should be sent 
fo its Editor, Mr. Rodger W. Loofbourow, Cro- 
-baugh Laboratories, 3800 Perkins Avenue, 

Cleveland 14, Ohio.] 

A new, improved Electron Probe 
Microanalyzer has been announced 
by Philip’s Electronic Instruments, 
Mount Vernon, N. Y. 


In this instrument the cross section 
of the electron beam is adjustable in 
the range from 0.1 to 100 microns. 
‘Curved crystal X-ray spectrograph 
techniques are used and read-out is 
by scaler or chart recorder. The in- 
ternal light optics system provides 
magnification to 300X while the 
specimen is in the analyzing position. 
Facilities are provided for the simul- 
taneous determination of three ele- 
iments and the limit of detectability 
‘is claimed to be about 0.1 to 0.01%. 
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Introduction of the Type 24-510 
Radiflo Leak Detector for high effi- 
ciency production-line testing has 
been announced by the Analytical 
and Control Division of Consolidated 
Electrodynamics Corporation, a sub- 
|sidiary of Bell & Howell Company. 


| This instrument is designed to test 
hermetically sealed components for 
‘leaks in the 10°'! atm-cc/sec range. 
Large capacity, short activation peri- 
'od, and automatic operation make it 
| possible to test as many as 10,000 
transistors in a single activation of 
‘less than one hr. In the activation 
stage the components are sealed in a 
lead lined chamber and flooded with 
|a radio active tracer gas, krypton 85, 
under pressure. After the “soak” peri- 
-od the gas is removed, the compo- 
|ments are air washed and tested on an 
| individual or multiple unit basis. 
a) 
(Continued on page 13A) 
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ARL VACUUM 
X-RAY QUANTOMETERS* 


Vacuum x-ray analysis of 
all elements above atomic 
number 11. Rapid analysis 
of metallics, nonmetallics, 
sinters, slags, ores, 
cements, ceramics, glass, 
petroleum products, many 


other materials. 


SPECIAL FEATURES: Fixed and scanning spectrometers to analyze all 
elements from magnesium through uranium. @ Simultaneous analysis 
of these elements in about two minutes. ™ Foolproof flexibility for rapid 
analysis of powders, liquids, and solid samples. @ Economical — utilizes 
a vacuum system, eliminating the expense and supply problems of 
helium. ™ Dual sample handling facilities permit sample interchange 
without breaking vacuum. @ Let ARL evaluate your analytical control or 
research requirements. Write today for complete information. *T M 


Vacuum X-ray Quantometer 
Model 25,000 
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“National” and ‘‘Union 
Carbide” are registered 
trade-marks for products of 


NOW... 


REPORTS IMPURITIES IN... 


ATIONAL CARBON 


Total impurities GUARANTEED not to exceed 
6 ppm in SPECTROSCOPIC PRODUCTS 


THIS important “first” by National Carbon 
Company offers you a new high in accuracy, 
through quantitative reporting of impurities. 

All shipments of “National” high-purity 
spectroscopic electrodes, preforms, and pow- 
ders include a “statement of purity”’—now 
listing in ppm the maximum extent to which 
a given trace element is present—the total 


Division of Union Carbide Corporation, 270 Park Avenue, New York 17, N.Y. 
IN CANADA: Union Carbide Canada Limited, Toronto 


8A 


impurities guaranteed not to exceed 6 ppm. 
Thus, the spectroscopist can approach the 
most critical analytical work with confidence 
that his results will not be affected by elements 
present in indefinite concentrations. - 

When you analyze with “National” spectro- 
scopic products, you are working with consist- 
ently high-purity levels. 


NATIONAL CARBON COMPANY gat 


CARBIDE 


The Spectral Line 
Editor—S. Richard Wiley 


i[News about members and matters of inter- 
2st to spectroscopists may be sent to the 
zie S. R. Wiley, 1239 Owen Brown Rd., 
Ellicott City, Md.] 


Dr. George H. Morrison is well 
nown by spectroscopists of the New 
‘York metropolitan area for the out- 


mmanaged at General Telephone and 
lectronics Laboratories, Bayside, 
IN. Y. He has joined the staff at Cor- 
ell University as Professor of Chem- 
astry, where he will be in charge of 
ithe analytical program of the new 
(Material Science Center. This new 
esearch organization is expected to 
e one of the most important of its 
ind in the world. 


Dr. Morrison has an_ exceptional 
ackground in trace analysis and in 
the use of many types of instrumen- 
jtation. His use of the wide aperture 
igh speed spectrograph to analyze 
mparts per billion concentrations of 
impurities in semi-conductor materials 
thas received much attention. Dr. Mor- 
jtison has served with the Manhattan 
(Project and the U.S. Atomic Energy 
\Commission prior to his association 
ywith General Telephone and Elec- 
tronics Laboratory. 


| Dr. Morrison’s education includes a 
(B.A. from Brooklyn College and Ph. 
'D. from Princeton University. He has 
jtaught at Rutgers University and 
‘Adelphi College. He served as General 
‘Chairman of the 1960 Eastern Ana- 
‘lytical Symposium, and is Chairman- 
Elect of the Metropolitan Long Is- 
land Subsection of the A.C.S. and is 
ta councilor of the Division of Ana- 
‘lytical Chemistry of A.C.S. 
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John Udaloy of 
Arlington, Mass. 
has been elected 
to the position of 
Vice President- 
operations, Jar- 
rell-Ash Com- 
pany, Newton- 
ville, manufac- 
turers of spectro- 
jchemical equipment. In his new as- 
isignment, Mr. Udaloy will assume 
jdirection of the Sales, Production, 
/Engineering and Research depart- 
‘ments of the company. 


| 
| Mr. Udaloy is a graduate of Har- 
| College, B.S. 1950, and the Har- 
| 
| 


standing analytical work, which he — 


vard Business School, M.B.A. 1952. 
He joined Jarrell-Ash Company in 
March, 1960 as Assistant To The 
President. 
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The two new Vice Presidents, who 
have been elected at Perkin-Elmer 
Corporation, are Henry F. Brock- 
schmidt, General Manager of Inter- 
national Operations and Robert H. 
Sorensen, General Manager of the 
Electro-Optical Division. 


Mr.  Brock- 
schmidt has been 
General Manager 
of International 
Operations since 
1958. He joined 
the company in 
1951 as assistant 
n | director of pro- 
, i duction, was as- 
signed to the firm’s foreign operations 
in 1955, and became director of man- 
ufacturing for the Instrument Divi- 
sion in 1956. Earlier he had been 
with Barber-Colman Co. and on the 
staff of the M.I.T. Radiation Labora- 
tory. Perkin-Elmer has manufactur- 
ing subsidiaries in West Germany and 
England, sales subsidiaries in four 
other European countries, and has 
just formed a joint company in Japan 
with Hitachi, Led. 


Mr. Sorensen 
joined Perkin-El- 
mer in 1959 as 
assistant to the 
Executive — Vice 
President. He was 
named General 
Manager of the 
Electro-Optical 

: Division earlier 
this year. Before joining Perkin-Elmer 
he was with the Remington Rand 
Univac Division of Sperry Rand Cor- 
poration where he served as assistant 
to the vice president for engineering. 
He also had been manager of the Uni- 
vac Division’s Norwalk, Conn. opera- 
tions. Perkin-Elmer’s Electro-Optical 
Division develops and produces pre- 
cision optics and _ electronic-optical 
systems, primarily for space and de- 
fense programs. 


Chester W. Nimitz, Jr. has joined 
the company as a Vice President and 
General Manager of the firm’s Instru- 
ment Division. Mr. Nimitz resigned 
from Texas Instruments, Inc. to ac- 
cept the position. 


| 
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Eugene K. Thor- 
burn has been ap- 
pointed to the 
Senior Technical 
Staff of the West 
Coast Operation 
of the Electro- 
Optical Division, 
Perkin-Elmer 
Corporation. Mr. 
Thorburn was formerly Vice President 
and Chief Engineer of Pacific Optical 
Corporation, where he was responsible 
for the design and manufacture of 
high acuity optical systems. 


Mr. Thornburn’s career in the op- 
tical field began at Tinsley Labora- 
tories in 1939, where he supervised 
the production of optical components 
for military end-items until 1944. 
Following his military service in the 
United States Navy, he was associated 
with Bausch and Lomb Company for 
four years designing microscope sys- 
tems. Later he served two years at 
the Northrup Aircraft Optical Lab- 
oratory in Pasadena and contributed 
in the design, fabrication, and test of 
the Snark Guidance System. Prior to 
joining Pacific Optical in 1953, he 
was appointed Optical Division Lead- 
er for Pacific Mercury Research Cen- 
ter in Santa Barbara. 


Mr. Thorburn attended Lassen Jun- 
ior College, University of California, 
and received his B.S. degree in Optics 
with distinction from the University 
of Rochester in 1950. 
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Robert T. O’Connor has been named 
Acting Chief of the Cotton Physical 
Properties Laboratory, Southern Utili- 
zation Research and Development Di- 
vision of the U. S. Department of 
Agriculture. The Cotton Physical 
Properties Laboratory is concerned 
with cotton fiber physics, microscopy, 
textile testing, and spectroscopy. 


Mr. O’Connor has devoted his en- 
tire 20 years at the Southern Division 
to the application of highly specialized 
methods and instruments for studying 
both natural and chemically modified 
cotton and other agricultural pro- 
ducts. He has been particularly active 
in the field of spectroscopy where he 
is widely known as a specialist and 
for which work he was honored with 
the Department’s Distinguished Ser- 
vice Award. The author of 111 scien- 
tific papers, Mr. O’Connor is a con- 
sultant to the Graduate School of 
Tulane University. 


Wavelength range 
205 to 770 mu 


BECKMAN Model DB 


SPECTROPHOTOMETER 
WITH RECORDER 


...double beam ...a.c. operated ... high resolution 


A compact, direct reading, double beam /single Ar 
beam instrument designed for ease of operation in 

rapid routine analysis in the range 205 to 770 mu— 

the least expensive and most versatile instrument 90 
now available in this range. 
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Provides excellent resolution in the ultraviolet— 80 
see Benzene Vapor curve at right—i.e., better than 
0.5 my in the ultraviolet and 1.5 my in the visible. 


Suitable for absorbance, transmittance, or 70 
differential ratio recording, repetitive scanning, 
reaction rate studies, etc. Completely a.c. line 
operated. Meter reads directly in absorbance 
and percent transmittance. Wavelength dial has 
direct reading linear scale with range 200 to 800 50 
mu. Amplifier has plug-in circuit boards. 
9098-K10. Spectrophotometer, Beckman Model 
DB, range 205 to 770 mu, with tungsten filament lamp, 40 


hydrogen discharge lamp, and wavelength drive unit for 
scanning speeds of 10 and 40 my per minute. Without 
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BENZENE VAPOR 
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Abstract 


Abundant opportunities exist for analytical and molecular struc- 
ture studies using the far ultraviolet region of the spectrum since 
halmost all compounds in the vapor state possess intense, characteristic, 
tand often detailed absorption spectra. Unfortunately, the experimental 
difficulties in working in this region have discouraged its widespread 
use. Beckman Model DK-1 and DK-2 spectrophotometers have been 
modified to perform to 1700 A for the automatic recording of relative 
‘transmittance spectra. This performance has been accomplished through 
the use of very high quality quartz and fused silica for prisms and 
windows. The absorption of the atmosphere in the optical path has 
‘been eliminated by purging with nitrogen. The resolution achieved is 
remarkably good, because of the high dispersion of quartz in this 
fregion. Except for the necessity of purging, the experimental diffi- 
neulties of working to 1700 A are little different from those in near 
wltraviolet spectroscopy. 


Introduction 


The far ultraviolet region of the spectrum extends 
‘from approximately 2000 A, the edge of the near ultra- 
wiolet, to approximately 100 A, the upper limit of the 
«-ray region. Experimental difficulties in obtaining quan- 
titative spectra in this region increase with decreasing 
wavelength. There are no really satisfactory sources of 
xontinuous radiation for use below 1650 A although some 
jprogress is being made here. No practical window ma- 
wterials are available for use below 1050 A. However, down 
‘to about 1700 A quantitative spectra may now be obtained 
‘with little more effort than is required for near ultraviolet 
study. In view of the very intense, sharp, and characteristic 
absorption spectra that almost all gases possess in this 
iregion, it is bound to be more widely used in the future. 
Some applications are discussed in the second paper of 
this series (1). 


| Briefly, the Beckman DK-1 and DK-2 spectrophotom- 
bters have been modified to perform in the far ultraviolet 
by using very high quality quartz prisms, special windows 
on the sources, detectors and sample cells, and purging of 
the entire optical path of the instrument with nitrogen 
(2). It has been found desirable to change the slit curva- 
ure. Auxiliary drive systems for slower scanning rates 
ave been found advantageous. The extreme dispersion of 
quartz in the far ultraviolet results in excellent resolution. 


Far Ultraviolet Spectroscopy. I. Modification of 
the Beckman DK Spectrophotometer for 
Automatic Transmittance Recording 
in the Region 1700-2000 A 
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The most serious difficulties in developing this instrument 
have centered about the reduction of stray light, since 
the far ultraviolet radiation passing the exit slit is a very 
small part of the total radiation emitted by the source 
and sensed by the detector. Fortunately these problems 
have been solved without impairing in any way the per- 
formance of the instrument in the near ultraviolet, visible, 
and near infrared regions. 


Since the development of this instrument has required 
the study of almost every component of the instrument, 
each of these will be discussed separately. 


Instrumentation 
Source 


The hydrogen discharge lamp emits a continuum from 
about 3600 to 1650 A. Above and below this region it 
emits a very complex line spectrum. Unfortunately, the 
envelope of the standard Beckman hydrogen lamp is 
opaque below 1850 A. By the use of selected Suprasil 
fused silica for the window the lamp may be used to 1590 
A. The Suprasil requires the use of graded seals and this 
has dictated a longer length to the lamp. The source 
housing has been completely redesigned, because of this 
increased length and the necessity of purging the optical 
path. 
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Figure 1 shows the spectrum of radiation from this 
lamp (Beckman No. 94055) in the far ultraviolet. Dis- 
crete emission lines are superimposed on the continuum 
beginning at 1710 A, but they are relatively weak down 
to 1650 A. The emission lines below 1650 A are so much 
more intense than the continuum that this source is poor 
for absorption studies below this wavelength in the pres- 
ence of stray light. The relative intensity of discrete versus 
continuous radiation is a function of the resolution used. 
The relative stray light varies inversely proportional to 
the source intensity; consequently the emission lines from 
the source look like absorption bands when absorption spec- 
tra are run below 1650 A. The more exotic sources such as 
the Lyman discharge and the Tanaka rare gas continua 
lamps have not been used. The literature of these sources 
has recently been reviewed by W. C. Price (3). 


The far ultraviolet emission spectrum of hydrogen has 
been most recently studied by Herzberg and Howe (4). 
The emission lines are due to vibrational and rotational 
fine structure superimposed on the electronic transitions 
of the hydrogen molecule. These authors tabulate the bands 
to a hundredth of a wavenumber. Unfortunately, their 
data are largely tabular, and identification of some of the 
lines is difficult. The older spectra published by Hyman 
(5) and the fine photographs of the far ultraviolet hydro- 
gen spectrum taken by Schumann and published by Lyman 
(6) are useful. They show emission lines from 1675 and 
1268 A. The lines on Figure 1 utilize Hertzberg and 
Howe’s data. 


The Beckman far ultraviolet source has been filled with 
deuterium and its spectrum determined. Of course, the 
discrete molecular emission lines occur at slightly different 
wavelengths. Aside from the fact that the intense emission 
lines begin about 20 A shorter wavelength than those of 
hydrogen, there is little advantage in the use of deuterium. 


Prism 


The prism used in the DK instruments measures 1 in. 
on the base, 1 in. on the height, and 2 in. on the 
hypotenuse. The apex angle is 30°. It is made of crystal- 
line quartz, and the back aluminized surface is normal to 
the optic axis. Figure 2 shows the relative transmittance 
spectrum of two samples of quartz and a curve of the- 
oretical reflection loss only. Curve B is a typical trans- 
mittance curve of the best synthetic quartz. A very small 
fraction of the available natural quartz approaches this 
transparency. Curve C is a curve of natural quartz ac- 
ceptable for use in the Model DU  spectrophotometer. 
While there is a vast difference between curves B and C, 
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the C curve represents nevertheless a high grade of Bra- 
zilian quartz. The synthetic quartz is grown from solution 
at high temperature and pressure. An account of the hy- 
drothermal process for growing this quartz has been given 
by Buehler (7). Any quartz with a 30% or better trans- 
mittance in one in. thickness at 1700 A is acceptable for 
use in far uv DK instruments as far as transparency is 
concerned. 


A good prism must not only possess suitable trans- 
mittance, but it must also be optically homogeneous. 
Mechanical strains and twinning will result in poor resolu- 
tion at all wavelengths. Inclusions result in scattering of 


light. 


The far uv DK instruments are linear in wavelength 
presentation. In order to provide this feature the prism 
must be rotated non-linearly by means of a cam (scroll). 
The exact function for this cam depends upon the re- 
fractive index of the quartz. Careful measurements of 
the refractive index of the ordinary ray have been made 
(8), since early published values were found to be er- 
roneous. The equations of Radhakrishnan have been found 
to be applicable to this data and serve to provide index 
data at intermediate wavelengths (9). Figure 3 is a graph 
of the refractive index, and Figure 4 the dispersion of 
quartz in the far ultraviolet region. 


Detector 


The detector used in this instrument is an RCA photo- 
multiplier No. 7200. It differs from the 1P28 photomulti- 
plier only in having a Suprasil envelope. The graded seals 
necessary for use of the Suprasil require that the tube be 
longer than the 1P28 detector. The 7200 detector re- 
sponds to radiation as far as 1590 A. The absolute sensi- 
tivity of this detector below 2000 A is not known, but 


it is considerably superior to other detectors such as the — 
sodium salicylate, fluorescent detectors. Solar blind photo- | 
tubes such as the one used by Hansen and Buell are less _ 
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sensitive but can be used to reduce stray light at certain 
wavelengths (10). However, the 7200 tube has the tre- 
mendous advantage of response at all wavelengths from 
1590 to 7500 A. 


| Mirrors 


There are eight reflections of the primary radiation in 
_ the DK spectrophotometers. Unfortunately, the reflectiv- 
ity of all useable materials decreases with decreasing wave- 
length. Hass and Tousey have studied the reflectivity of 
various materials in the far ultraviolet region (11). Their 
results show that rapidly evaporated pure aluminum over- 
coated with MgF» is the best reflector for wavelengths 
longer than 1600 A. Mirrors currently used in the far uv 
_ DK instruments are produced in the manner described by 
_ Hass and Tousey. The reflectivity at 1600 A is approxi- 
mately 82%. When raised to the eighth power, it is ap- 
parent that about 20% of the radiation passes to the 
detector because of mirror reflectance factors alone. All 
of the spectra shown in this paper except Figure 1 were 
taken with an instrument whose mirrors were over one 


year old and were not coated with MgF». 


| It is essential that the aluminum mirrors not be ex- 
| posed to corrosive gases or vapors, which might condense 
on the mirrors. Fortunately, the nitrogen purge used can 
minimize this problem. The problem of eliminating dust is 
not quite so easily solved. There need be no problem from 
| dust arising from purging provided the connecting tubing 
between the purge gas supply and the instrument is dust 
_ free. However with time dust will accumulate on the ro- 
| tating mirrors in the sample compartment and may cause 
_a mismatch of the sample and reference beams. These and 
_other mirror surfaces may be readily cleaned without re- 
moving the mirrors from their mounts by the method 
first suggested by Purcell (12). Allow a solution of col- 
lodion to flow over and harden on the mirror surface. 
| After 3-5 min, cover the collodion with Scotch tape and 
strip. The collodion solution should be fairly viscous and 
should be stripped before it is completely ‘dry.’ The col- 
lodion should be unplasticized. 
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Purging 


Oxygen and water vapor absorb far ultraviolet light 
and must be eliminated from the optical path in order to 
scan below 1950 A (13). Many other gases than these can 
cause absorption of light at even longer wavelengths. A 
common reason for high stray light in standard DU and 
DK spectrophotometers is attributable to vapors from ab- 
sorbing samples and solvents lurking in the optical path 
long after these materials have been removed from the cell 
holder. Purging is recommended not only for far ultra- 
violet studies but also near ultraviolet and near infrared 
work, since it removes any solvent vapors that may escape 
into the optical path. 


Any transparent gas may be used for purging. Nitro- 
gen is the most readily available and least expensive gas. 
Hydrogen, helium, and argon have all been used success- 
fully in the author’s laboratory. Hydrogen cannot be rec- 
ommended because of the explosive hazard. The moisture 
content of gases emerging from a cylinder is a function 
of the pressure in the cylinder. Water-pumped nitrogen 
can be used if the cylinder pressure exceeds 500 lb. Lower 
pressures can be used if the gas is first passed through a 
cartridge of molecular sieve absorbent. The author has 
found the AR-3 liquid nitrogen tanks supplied by Air 
Reduction Co.* to be most suitable. These tanks supply 
2380 cu ft of nitrogen at atmospheric pressure. The oxy- 
gen and water vapor concentration in the gas has been 
found acceptable without further treatment. The cost of 
nitrogen/cu ft in these tanks is no greater than in the 
conventional high pressure cylinders. 


The instrument is calibrated for use of nitrogen. When 
other gases are used having an appreciably different refrac- 
tive index, one may observe a slight wavelength displace- 
ment. 


The oxygen content of the purge gas must be less than 
100 and preferably less than 10 ppm. The oxygen content 
of the purge gas can be readily determined by scanning 
the energy spectrum (single-beam) of the purged DK 
instrument in the region, 1790-1820 A. Using a slit width 
of approximately 0.04 mm and a slow scanning speed, a 
1% absorption of the 1803.7 A band above the back- 
ground energy corresponds to about 20 ppm of oxygen. 
As a rule nitrogen containing 100 ppm of oxygen is suit- 
able for purging when scanning down to 1700 A. The 
purge gas used for operation to 1600 A should not contain 
over 10 ppm of oxygen. In the author’s experience about 
95% of the commercial water pumped nitrogen has been 
found to contain less than 20 ppm of oxygen. However, 
tanks have occasionally been found to contain around 1% 
oxygen and, of course, are completely unsuitable. 


The DK spectrophotometer was not designed for evacu- 
ation; hence purging is the only practical way of obtaining 
a transparent instrument atmosphere. Even though the 
far ultraviolet models are sealed as well as possible they 
require a fairly large flow of purge gas. Figure 5 shows the 
effect of purge rate on the energy spectrum from 1700 
to 1950 A. The oxygen bands disappear at about 1 cu 
ft/min of nitrogen flow. Further increase of flow rate 
apparently improves the transmittance of the instrument 
by effectively removing the water vapor that is degassing 
from all the internal parts of the instrument. This water 
vapor has a nondiscrete but intense absorption spectrum. 
The absorption coefficient of water reaches a maximum 
of 120 cm‘! at about 1650 A (14). If the instrument is 
maintained under a constant purge, the desorption of water 
vapor becomes less of a problem. 


*150 E. 2nd St., New York 17, N. Y. 
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Slit Curvature 


The theoretically desired curvature of the slits on the 
DK spectrophotometer varies with wavelength. Until re- 
cently all the slits on DU and DK instruments had a slit 
curvature of 27.9 in., which is optimum for 8000 A. 
However, it has been found that a 24.0 in. radius of 
curvature provides a better compromise. This curvature 
is optimum for 3000 A. Since resolution is diffraction 
limited at wavelengths longer than 4500 A, there is no 
appreciable loss in resolution by using the 24 in. radius 
and an increase in resolution at wavelengths shorter than 
4000 A. In a region around 4000 A and below 2500 A 
resolution may be improved by reducing slit height pro- 
vided sufficient energy is available to utilize a slit width 
of less than 0.05 mm. 


Scanning Speed 


Two factors have aggravated the problem of providing 
appropriate scanning controls for the far uv instruments. 
The high dispersion of quartz has resulted in high resolu- 
tion, which in turn requires a slower scanning speed. At 
the same time the prism arm is required to move through 
a much larger angle. The most satisfactory compromise 
has led to the extension of the linear wavelength scroll. 
However, because of the change in dispersion with wave- 
length, it is not possible to get as many turns on the 
linear wavelength scrolls as on the non-linear scroll. The 
scanning speed on the linear wavelength instruments av- 
erages 2'% times that of the non-linear instruments. 


The procedure for determining scanning speed is not 
widely known. Of course, it is possible to scan at a series 
of different speeds choosing the optimum one, but this 
can be very wasteful of time. It must be recognized that 
the optimum scanning speed is determined by both the 
absorption characteristics of the sample and the response 
of the instrument. Optimum scanning speed is defined as 
the maximum rate of scan that will permit the recording 
pen to follow the “true” spectrum to a given accuracy. 
This problem has been analyzed at length by Brodersen 
(15). The account given here is a simplified approxima- 
tion that suffices for most purposes. 


Noise is an ever present factor in high resolution spec- 
troscopy and is always compromised with either time or 
resolution. Noise is reduced by either reducing instrument 
gain with a consequent proportional loss in resolution or 
by increasing the period or integration time. In the latter 
case the period must be increased as the square of the de- 
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sired noise reduction. As a result of integration the re- 
cording pen will always lag behind the electrical signal 
before the integration network. When traversing an ab- 
sorption band, the pen may receive a signal to reverse 
direction before reaching the true maximum (or mini- 
mum) position. Errors introduced in this manner can be 
surprisingly large. 


Figure 6 shows the approximate photometric error to 
be expected versus scanning speed. The scanning speed is 
given in units of observed band width per period. When 
working with gases possessing very sharp absorption bands, 
the observed band width is equal to the resolution of 
the spectrophotometer. In the case of liquids possessing 
broad bands the observed band width is equivalent to the 
half band width of the sample. Thus if the observed band 
width is 4 A, and the period is two sec, Figure 6 shows 
the photometric error in measuring peak absorption to be 
expected on scanning at various fractions and multiples 
of 2 A/sec. At a scan rate of 1 A/sec (one-half the 
observed band width/period) the photometric error due 
to tracking alone would be 3%. It is necessary to scan 
at a rate of 0.3 X 0.6/2.0 = 0.09 A/sec = 5.4 A/min 
to achieve a photometric accuracy of 1% at the maximum 
resolution of the instrument under the conditions used 
for Figure 8. 


The 0.2 position of the time constant dial of the in- 
strument is approximately equivalent to a period of 2 sec 
since the recorder does not quite follow an exponential 
trace. For purposes of these calculations the periods cor- 
responding to the labeled time constants are given in 


Table I. 
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Time Constant 


Dial Period, Sec 
0.1 1.5 
0.2 2.0 
0.6 4.0 
2.0 11.0 
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The scanning speed control of the DK-2 instrument 
1s given in units of min per revolution of the wavelength 
scroll. In the ultraviolet region one revolution of the linear 
wavelength scroll corresponds to 1800 A. The slowest 
scan is 100 min/1800 A or 18 A/min. When scanning 
the far ultraviolet spectra of gases possessing complicated 
structure, this scanning speed is too fast for even the 
fastest response time (0.1) of the instrument. The mini- 
mum scanning speed of the DK-1 is nearly the same as 
rhe DK-2. 


Several solutions to this problem exist. A drive motor 
with a greater gear reduction can be used on both DK-1 


-and DK-2 instruments. However this solution has the 


drawback of reducing the maximum available speed. The 
most convenient solution on the DK-2 is to use the time 
drive accessory (Beckman No. 92430). This accessory can 
be obtained with a number of different speed drive motors. 
The standard pair of motors (1/5 and 1/20 rpm) pro- 
vides scanning speeds of 0.052 and 0.012 A/sec when 
using gears for maximum chart expansion. The scanning 
speeds are dependent upon the scale expansion gears, and 
faster speeds are obtainable with more compressed scales. 
Another solution preferred by the author is an electronic 
speed control for the standard DK-2 drive motor. It al- 
lows a continuous adjustment of scanning speed from the 
standard maximum speed to a minimum of 90.025 A/sec 
by simple adjustment of a potentiometer. A switch allows 
ready engagement of the standard step speed control. With 
this control the scanning speeds are not functions of the 
scale expansion gears. Scanning speed can be changed dur- 
ing a scan without introducing transients into the record. 


Performance 


Resolution 


Dispersion in a Littrow mounting is related to the 
refractive index, n, of quartz (relative to nitrogen) and 
the focal length, R, of the collimator by the equation: 

D— (.92\/-1 — (n/1,985)77R) daA/dn. 
This equation is plotted in Figure 4 for the Beckman DK 
instruments where the focal length is 500 mm. For ex- 
ample, the theoretical effective band width of radiation 
(band width at 4 maximum intensity) passed by a slit 
width of 1 mm at 1600 A will be 1.9 A. However, this 
equation does not take into consideration the optical aber- 
ration of the instrument. By far the largest of these aber- 


rations in the far ultraviolet region is slit curvature. By 


adding the values shown in Figure 7 to the instrumental 
slit width for a given wavelength, one can readily com- 
pute the actual resolution of the instrument. 
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It is important in making these calculations to be sure 
that the instrument dial is giving an accurate reading of 
slit width. This may be done most easily by use of the 
square law test. This test presumes that the light energy 
(displacement of the recorder pen in single beam opera- 
tion) is proportional to the square of the slit width. The 
slit dial is usually accurate at slit widths of 0.2 mm and 
larger. Hence, the narrower slit readings can be calibrated 
for high precision work. Slit calibration is best done using 
light of about 3000 A. 


When scanning the spectrum in double beam opera- 
tion, the slit servo will automatically maintain a constant 
energy of radiation (as detected by the IP28) by open- 
ing or closing the slit. The exact value of slit width will 
be determined by the gain (sensitivity) of the amplifier. 
This presumably will have been set by the operator to meet 
his requirement of signal-to-noise ratio at a given period 
setting (time constant). Detectors vary considerably in 
sensitivity but not so much in signal-to-noise ratio. Hence 
instruments may vary somewhat in the gain required to 
produce a certain signal-to-noise ratio, but this has little 
to do with instrument performance. The important factor 
is slit width, which will yield a given signal-to-noise ratio. 
Figure 8 shows the actual resolution as a function of 
wavelength for a given set of conditions. These values have 
been checked using mercury vapor emission lines. 


The slit width corrections and resolution achieved 
with the 27.9 in. radius of curvature slits has been treated 
in an earlier publication (2). 


Slit jaws with a radius of curvature of 20 in. produce 
superior resolution in the far ultraviolet region. However, 
the improvement in resolution is small unless one uses 
narrow slit widths, and this dictates high amplifier gain. 
Resolution in the longer wavelength region is impaired by 
this short a radius of curvature for the slit. If one can 
use high amplifier gain, the resolution can better be im- 
proved by reducing slit height. 


Stray Light 

The limiting factor on wavelength range of the far 
ultraviolet instruments is stray light. An arbitrary speci- 
fication of 0.3% maximum stray light at 1700 A has 
been established for these instruments (with MgF» over- 
coated mirrors). Many instruments possess considerably 
less stray light than this. 


Stray light is defined as the ratio of undesired radiation 
to desired or primary radiation and is usually expressed as 
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a percentage. Undesired radiation in the ultraviolet region 
is defined as all radiation (passing the exit slit and affect- 
ing the detector) having a wavelength greater or less 
than 1.5 effective band widths from the band center. Of 
course the effective band width is a function of the slit 
width and instrument dispersion. The computation of ef- 
fective band width has been shown previously. There is 
little value in differentiating between near and far stray 
light in the DK spectrophotometer in the ultraviolet region 
as Tunnicliff has done, although his techniques are valu- 
able (16). The slit function in the ultraviolet region of 
the DK spectrophotometer has been found to be triangular 
in shape to a very close approximation (2). The light in- 
tensity at the base of the triangle is not zero due to stray 
light. One can say that the triangular slit function rests 
on a base of stray light. The absolute level of light scat- 
tered in the monochromator is essentially constant in the 
ultraviolet region. However, since stray light has been 
defined as a ratio it varies inversely as the intensity of the 
primary radiation. 


It can be seen from Figures 1 and 5 that the energy 
of the primary radiation from the hydrogen lamp decreases 
with decreasing wavelength until the discrete emission 
lines are encountered. The stray light (ratio) is inversely 
proportional to intensity of the primary radiation. As a 
result the total stray light at various wavelengths follows 
the curve shown in Figure 9. 


The magnitude and spectral distribution of stray light 
at various wavelengths of primary radiation can be de- 
termined using such spectra as are given in Figure 10. 
The assumption is made here that most of the scattered 
light, when operating below 2000 A, will arise from radi- 
ation of wavelength longer than the cut off wavelength 
of the filter used. This is logical in view of the rapid rise 
in intensity (as detected) with wavelength. It has been 
confirmed by using the sharp 1849 A absorption band of 
mercury in a manner similar to that used by Tunnicliff 
(16). In order to use sharp cut off solutions for checking 
stray light at wavelengths above 1800 A, it is necessary 
to place neutral density screens in the reference path of 
the instrument. 


The sources of light scattering have been studied ex- 
tensively. In a dust free instrument the major portion of 
scattered light arises from imperfections of the prism and 
collimator. When conditions permit it may be further re- 
duced by decreasing slit height and placing an aperture at 
the image of the prism in the exit optics. 
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Wavelength Calibration 


The oxygen absorption bands provide an ideal wave- 
length calibration tool for the region from 1760 to 2000 
A. The wavelengths of the Schumann-Runge bands have 
been determined accurately. The work of Curry and Herz- 
berg is best:for the low vibrational quantum number lines 
between 1920 and 2000 A (17). Knauss and Ballard have 
covered adequately the intermediate lines between 1760 
and 1925 A (18), while Brix and Herzberg have recently 
studied the lines to the 21-0 band at 1750 A (19). Table 
II identifies the band heads of these bands; they are identi- 
fied in Figure 5. 


Another very useful calibrating material is mercury 
vapor. The resonance line at 1849.6 A is very sharp and 
intensely absorbing at room temperature. A drop of mer- 
cury in a one cm cell that hes been purged with nitrogen 
or argon will provide good absorption. The line is so sharp 
its intensity will, of course, be a function of slit width. 
The resonance line at 2536 A can also be used for wave- 
length calibration; however a 10 cm cell should be used. 


For shorter wavelengths the discrete emission lines of 
the hydrogen lamp may be used. References to these emis- 
sion lines have already been cited. The weak but useable 
lines superimposed on the continuum around 1711 A do 
not seem to have been studied before. 


In order to scan below 1700 A it is necessary to offset 
the collimator with the wavelength adjustment screw at 
the left end of the monochromator. This adjustment may 
require readjustment of the diagonal mirror immediately 
in front of the entrance slit. It should be adjusted for 


TaBLeE II. WAVELENGTHS OF OxYGEN ABSORPTION 
Banpv Heaps (Vacuum) 


Band Wavelength, A Wavenumber, cm 
1-0 1998.2 50044.6 
2-0 1972.4 50708.9 
3-0 1947.4 cs sISSLA 
4-0 1924.1 519723 
5-0 1902.6 52560.2 
6-0 1882.3 53125.4 
7-0 1863.6 53660.1 
8-0 1846.4 54160.0 
9-0 1830.7 54625.1 

10-0 1816.4 55053.4 

11-0 1803.7 55441.6 

12-0 1792.6 55785.8 

13-0 1783.0 56085.8 

14-0 1774.9 56340.5 

15-0 1768.3 56550.3 
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maximum energy. When repositioning the collimator so 
that the wavelength dial reads correctly, it is important 
that an emission line in the visible be used as a small error 
}in the far ultraviolet may produce a very large error in 
the visible. The 6562.8 A band of the hydrogen emission 
)is recommended for this purpose. It is easily recognized 
as the longest wavelength radiation of appreciable intensity 
from the hydrogen lamp. 


100% Level 


| Difficulties are seldom encountered in getting new in- 
struments to draw a flat 100% line within +1%. This 
is easily checked by drawing a double beam trace with no 
\ cells in either beam. If difficulties are encountered on aging 
I‘ of mirrors, the collodion cleaning technique usually re- 
/ stores proper operation. When sample and reference cells 
are used, it is not easy to balance the beams throughout 
the useable far uv region. Cell windows are contaminated 
. quite easily. They may be cleaned with methanol and lint 
) free tissue. 


When the spectra of pure liquids are being obtained, 
)it is desirable to place a single silica plate in the reference 
| beam. The major cell losses are due to reflection from the 
| air-silica interfaces. Curve A of Figure 2 shows the magni- 
tude of these reflection losses. For accurate work the thick- 

ness of silica in the two paths must be equal. The trans- 
;mittance of the suprasil used for special far ultraviolet 
‘cells usually exceeds 95% for 1 mm thickness at 1700 A 
_ after correction for reflectance loss. 


Figure 11 demonstrates the overall performance of the 
jinstrument in tracing automatically the relative transmit- 
‘tance spectrum of carbon disulfide vapor. The superposi- 


\tion of vibrational and electronic states is quite evident. 


Jo 


This spectrum has been analyzed by Price and Simpson 
(15). The absorption bands are extremely intense as evi- 
denced by the low pressure and short optical path used. 
A large number of organic and inorganic gases possess very 
discrete spectra in the region described here. It is likely 
that these spectra will find wide use in analysis and molec- 
ular structure studies. 


The author is indebted to Mr. 
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Infrared Spectra of Vitamins, a Schiff Base, 
and an Amino Acid Chelate in Water 


Frank S. Parker 


Department of Biochemistry, State University of New York 
Downstate Medical Center, Brooklyn, N. Y. 


Abstract 


The infrared spectra of some vitamins in water are presented. 
The spectra of two forms of vitamin Bs are included and that of the 
Schiff base formed between pyridoxal phosphate and glycine. The 
spectrum of copper (L-lysine)2 is given as an example of an amino 
acid chelate compound in water. 


Introduction 


The application of infrared spectroscopy to aqueous 
solutions has been growing very rapidly. Reviews by 
Blout (1), Nachod and Martini (2) and by Goulden (3) 
attest to this fact. In the interest of extending the uses of 
infrared spectroscopy to a wider variety of substances of 
biochemical interest the spectra of some vitamins and re- 
lated compounds in the range 6.1 to 11.0 mw are reported 
in this paper. Rosenkrantz (4) has published a review of 
the spectra of vitamins in the solid state. Many of these 
compounds are soluble only in water, and thus the only 
choice for determining their infrared spectra lies between 
water and solid state work. Solid state spectra are often 
unsatisfactory because bands due to the crystalline state 
of the materials are seen and can be confused with funda- 
mental vibrational frequencies. 


Reagents 


The vitamins were obtained from the following 
sources: calcium pantothenate (Mann Laboratories, M. A.), 
thiamine hydrochloride (Fisher Scientific Co.), pyridoxine 
hydrochloride (Fisher), nicotinamide (Eastman), and 
choline chloride (General Biochemicals, Inc.). The sodium 
pyridoxal phosphate was prepared by Mr. Frederick Dorer 
according to the methods of Peterson, ef al. (5). The 
copper (lysine)2 was prepared by the method of Kurtz 
(6) and was a gift from Dr. Donald M. Kirschenbaum. 
Glycine was purchased from Mann Research Laboratories 
and was their M. A. product. 


Apparatus and Techniques 


The vitamin spectra were recorded on a Perkin-Elmer 
Model 21 infrared spectrophotometer for solutions con- 
tained in a BaFo cell. Cell thicknesses and concentrations 
of solutions are indicated in the legends. A transmittance 
screen was used in the reference beam essentially as de- 
scribed previously (7, 21). Occasionally, two BaF» plates 
with a polyethylene spacer (0.032 mm) were used in- 
stead of the manufactured BaF» cell in the sample beam. 


Results and Discussion 


Figure 1 shows the spectra of water and of calcium 
pantothenate. It can be seen that this vitamin shows fewer 
bands in water in the region examined than in the solid 
state (4) (Figure la), and the bands are also broader. 
That fewer bands generally appear in water solutions has 
been noted by other investigators too. There is little cor- 
respondence between the spectra of the vitamins in the 
solid state and in water. 
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Figure 2 shows the spectrum of choline chloride. It is 
of interest to point out that Raman spectral data in the 
same region of the spectrum agree rather well with those 
found in the infrared for this compound. In Table I the 
values determined by Edsall (8) using Raman techniques 
are compared with the infrared values. 


The spectrum of thiamine.HCl is given in Figure 3. 


Nicotinamide is an essential chemical part of certain 
coenzymes and therefore its spectrum, which appears in 
Figure 4, may be of especial interest. 


Figure 5 shows the spectrum of pyridoxine-HCl. Again 
the bands do not correspond well with those found in the 
solid state. Pyridoxal phosphate is an essential part of 
transaminase systems (9), and chelate compounds in- 
volving a Schiff base have been postulated to be a means 
of transporting amino acids across cellular membranes 
(10). Therefore, it is felt that spectra of such compounds 
in water may be useful in biochemical studies. Figure 6 


_ shows three spectra: (a) phosphate buffer, pH 7.3, ionic 


strength 0.05, (b) pyridoxal phosphate sodium salt, dis- 
solved in that buffer (0.03 g/5.00 ml of buffer), and (c) 
the Schiff base formed between sodium pyridoxal phos- 
phate (0.03 g) and glycine (0.0084 g) in 5.00 ml of the 


buffer (11,12). No values are given for the % transmit- 


TaBLeE I. RAMAN AND INFRARED BANDS OF CHOLINE 
CHLORIDE, cM} # 


Raman Infrared 
955 948 
1009 1004 
1058 1048 
1089 1080 
1142 1129 
1209 1200 
1278 1279 
1342 1348 
1450 1425 
1478 1479 
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tance in order to put three spectra in the same figure. The 
fact that the buffer itself (at the given concentration) 
has only one band would seem to make it quite useful for 
studying biochemical systems. Figure 7 shows the spectrum 
of the amino acid, glycine. 


The spectrum of Cu(t-lysine)2 an amino acid chelate, 
appears in Figure 8. For comparison the spectrum of DL- 
lysine* HCl is given in the same figure. The ordinate values 
refer to pL-lysine-HCl. pi-lysine-HCl and t-lysine produce 
spectra almost identical to each other in water in saturated 
solutions which have been compared (18). The identical- 
ness is real and not due to lack of signal in the 8-10 pu 
region. Pen response was checked even in the poor signal 
regions. 
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There are many structure problems which lend them- 
selves to the application of aqueous infrared spectroscopy. 
Gore, ef al. (13), have presented spectra of certain amino 
acids. Blout (1) has studied biological materials of high 
molecular weight in water and DsO. Miles (14) has in- 
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vestigated polynucleotide interactions, and Susi, ef al. 
(15), have investigated the carboxyl ionization of P-lacto- 
globulin. Spectra concerning the hydrolysis of a thiazoli- 
dine compound (16), the dissociation of phenol to phen- 
oxide ion (17), various amino acids (18,19), the mutaro- 
tation of glucose and of mannose (20), and spectra of 
other compounds (21) of biochemical interest have been 
reported by our laboratory. Cbviously, to demonstrate cer- 
tain phenomena, water is the solvent of choice and these 
phenomena are easily observed with infrared spectroscopy. 
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Minimizing Matrix Effects in Stainless Steel, Type 422, 


Using Oxygen in the Analytical Gap 


Robert S. Hullings 


Westinghouse Electric Corporation, Lester, Pennsylvania 


Abstract 


A routine emission spectrographic procedure has been developed 
for the analysis of stainless steel, Type 422, using the point-to-plane 
technique. By directing a stream of oxygen onto the face of the 
sample the accuracy and reproducibility were made better than that 
obtained in an atmosphere of air. 


Introduction 


In the development of a routine emission spectrographic 
method for the analysis of Type 422 stainless steel, various 
samples gave very erratic results. In conjunction with 
these results there was a very definite variation in the 


_ physical appearance of the spark craters. An investigation 


was begun to find the cause of this condition and also 
to develop a method to overcome it, using the point-to- 
plane technique. 


Metallographic Investigation 


Pieces were cut from various samples which gave er- 
ratic results and showed variations in the spark craters. 
These pieces were identified as A. Pieces were also cut from 
samples, which gave consistent results and uniform spark 


craters. These pieces were identified as B. The microstruc- 
tures were examined, and it was noted that all samples 


marked A were the same and all samples marked B were 
the same. However, the microstructure of the two groups 
differed as shown in Figure 1. 


Procedure 


The basic procedure for conventional spark excitation 
was employed, using the Jaco-Varisource. Spectrograph, 


excitation conditions, microphotometer, line pairs, and 
photographic procedure are given in Table I. Calculations 
were made using the “Atomic Dilution Factor” (1). The 
samples were machined to a flat surface and finished on 
an 80-grit aluminum oxide belt. 


Atmosphere 


It was noted that in the examination of the spectra, 
the Fe lines used as the internal standard lines were very 
light in sample A, but were of normal density in sample B. 
Since an improvement in reproducibility has previously 
been reported for a nickel base alloy (2) by blowing 
nitrogen on the sample during sparking and also a reduc- 
tion of matrix effects (3) by using a mixture of gases, 
these methods were tried. But is was found that a stream 
of oxygen gave the most reproducible results. A small glass 
tube was constructed with an opening of 2 mm. This tube 


PHOTOMICROGRAPHS OF SAMPLES OF TYPE 422 
STAINLESS STEEL SHOWING Two MiIcrosTRUCTURES 
OBSERVED 


RiGee 


Left—Sample A, Right—Sample B, Magnification—40X, Etchant— 
Grard No. 2 
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TABLE I. SPECTROGRAPHIC AND PHOTOGRAPHIC TaBLe II. ANaLytTicaL Data FOR SAMPLES WITH ERRATIC 
CONDITIONS RESULTS IN AIR AND VARIATION IN SPARK CRATERS 
Chem. Spec. Coe ff. 
SPECTROGRAPH AND ACCESSORIES Sample Element  Anal.,% Atm.  Anal., % — of Var., Yo" 
Spectrograph 3.4 m Jarrell-Ash Ne ute 0.95 Ne 0.92 11.7 
Grating 15,000 lines/in. O 0.96 1.6 
Dispersion 2.5 A/mm in 2nd order fe , : 
Slit Width, mm 15 Mn 0.74 Air 1.01 21.3 
Slith Height, mm D O» 0.73 0.9 
Vv 0.26 Air 0.48 9.9 
EXCITATION rrienese Rotl So ee he 
ource | f Jarrell-Ash Varisource Cr 12.79 ce 13.33 6.6 
Analytical Gap 2mm 
Inductance Residual , O: Beez a8 
Capacitance 0.0075 mfd Ni 0.80 Air 0.76 3.7 
Resistance 1 ohm Oz 0.79 1.6 
R.F. Amps. 9.5 Si 0.70 Air 0.84 it 
Breaks/Half-Cycle 5 Oz 0.69 1.6 
ee 10 sec A-2 Mo 1.00 Air 0.90 5.8 
ie ce A yee he 
ys Mn 0.78 Air 1.31 D5a5 
LINE PAIRS Oz 0.76 1.4 
Int. Std. Element W 0.25 Air 0.40 75 
Element Line, Fe Line Range, Yo Oz 0.25 0.5 
Si 2868A 2881A 0.10- 1.00 i ae aes ees a! 
Mn 2805A 2886A 0.30- 2.00 ; O: 12.77 1.3 
Vv 2805A 2904A 0.15- 0.60 Ni 0.80 Air 0.76 3.4 
Cr 3011A 3013A 10.00-15.00 O: 0.81 ii 
Ni 3011A 3012A 0.15- 3.00 Si 0.72 Air 0.74 11.8 
Mo 2805A 27758 0.10- 1.30 O. 0.70 1.2 
All work was performed in the second order. A-3 Mo 0.84 Ar 0.75 5.8 
PHOTOGRAPHY O- 0.85 1.1 
SA time naulsion ‘Mn 0.58 Air b23 14.5 
D-19 Developer 2 min Oz 0.57 2.0 
Short Stop—15 sec-—5% Acetic Acid V 0.28 Air 0.61 Lied 
Fixer—3 min, Kodak Acid Fixer A ©: 0.28 0.5 
Entire procedure carried out at 20 C Cr 12.78 ier 13.62 51 
MICROPHOTOMETER O: 12.73 0.9 
Jarrell-Ash Non-Recording Ni 0.80 Air 0.75 2.8 
Slit Dimension—1.5 mm x 10 pw Oz 0.80 0.4 
S25; 0.53 Air 0.80 14.0 
O2 0.53 ES 
was attached to a length of rubber tubing and fastened A-4 Mo 0.95 Air 0.82 17.2 
to the bottom electrode holder. It was placed so that the ~ O2 0.95 1.0 
top of the glass tube was just below the point of the hoe nae a L2G aoe 
hemispheriacally tipped counter electrode, and the oxygen was es 
) may, 0.25 Air 0.59 76 
was blown directly on the face of the sample. The flow ~~ nae Ke 
ai z 2 Ys : 
of oxygen was controlled by a multi-stage regulatory. Cr 12.74 AR 14.09 a 
Various flows were tried, from 5 1/min to 4 |/min. The O» 1275 ay 
spark craters were examined and also the Fe and element Ni 0.82 Air 0.79 2.0 
lines of the spectra. It was found that a flow of 1 |/min O: 0.81 1s 
was satisfactory. When flows of less than 1 I/min were Si 0.76 Air 0.95 5.1 
used the variations occurred to some degree, and when P O2 0.75 1.6 
flows of more than 1 |/min were used there was a definite eS ae oe ee ed 11.3 
flaring of the spark discharge. This gave erratic density Mn aes ne sie tee 
a 3 * . . ir oe . 
readings of the internal Fe lines and also the element lines. O. ne is 
Air (4) was also tried as an atmosphere but no great im- Vv Ace Ker Ase te 
provement was noted. Figure 2 shows the spark craters O. 0.97 a 
of sample A and B both with a stream of oxygen on the Cr 12.58 Air 13.16 6.8 
face of the samples and without the oxygen on the face O2 12.61 2.9 
of the samples. Ni 0.76 Air 0.73 si 
O: 0.80 0.5 
Si 0.78 Air 0.76 6.1 
O» 0.75 1.6 
A-6 Mo 1.00 Air ~ 0.96 7.8 
O2 1.00 TS 
Mn 0.70 Air ie32 20.3 
O2 0.72 1.4 
V 0.24 Air 0.56 20.1 
Oz 0.25 Sit 
Gr 12277, Air 13.61 8.6 
Fic. 2. APPEARANCE OF BURNS IN OXYGEN (TOP) AND x O hee ws 
A 1 0.85 Air 0.76 3.4 
IN IR (BOTTOM ) O2 0.81 0.9 
Si 0.81 Air 0.89 15.4 
Left—Sample A, Right—Sample B Go. 0.80 1.2 


+Harris Calorific Company “Computed from 6 exposures. 


’ 
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TaBLeE III. ANaLyticat Data FoR SAMPLES WITH CON- 


SISTENT RESULTS IN AIR AND UNIFORM SPARK CRATERS 
AA a aPC am 


Chem. Spec. Coeff. 
Sample Element Anal.,% Atm. Anal., % — of Var., Yo" 
B-1 Mo 1.05 Air 1.06 ile) 
Oz 1.05 3 
Mn 0.81 Air 0.83 1.8 
Oz 0.83 0.8 
V 0.20 Air 0.22 1.4 
Oz De 22 V2 
Cr 12.28 Air 12533 2.0 
O: 12232 1.4 
Ni 0.83 Air 0.83 1.6 
Oz 0.84 1.0 
Si 0.11 Air 0.16 oH 
Oz 0.14 2.0 
B-2 Mo 1.00 Air 1.00 Psst 
Oz 1.00 aaa 
Mn 0.84 Air 0.83 2.0 
Or 0.84 1.0 
V 0.22 Air 0.23 Re? 
Oz 0.23 ileal 
(Ge 12.65 Air 12.65 Be) 
Oz 12.65 Wes) 
Ni 0.83 Air 0.81 1.6 
Or 0.81 died: 
Si 0.30 Air 0.28 2.6 
Oz 0.28 53} 
B-3 Mo 0.98 Air 0.98 1.4 
Oz 0.98 0.8 
Mn 0.80 Air 0.81 Lez, 
Or 0.80 1.0 
Vv Dabo) Air 0.20 LS; 
Oz 0.20 1.0 
Cr 12.26 Air 12.29 4.0 
Oz 12.26 ib 
Ni 0.84 Air 0.83 24 
Oz 0.84 lez: 
Si 0.27 Air O225) 1.2 
Ox 0.25 ileal 


“Computed from 6 exposures. 


Results and Reproducibility 


All samples used in the investigation were analyzed 
in duplicate by wet chemical methods. Spectrographically 
the samples were run six times in air and six times with 
oxygen on the face of the sample. The results and re- 
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producibility are given in Tables II and II. Table II shows 
the results of data obtained on samples A with and with- 
out the oxygen on the face of the samples, compared with 
the results from the wet chemical analyses. Table II 
shows the same data for samples marked B. There are no 
tungsten results reported because this element was deter- 
mined by using the ac arc form of excitation, and no 
variation between samples A and B were observed. The ac 
arc form of excitation was tried for the other elements, 
and the reproducibility was very poor in both saniples. 
This was especially true in the case of Cr and Mn. 


Discussion 


Acceptable reproducibility and results were obtained 
by using oxygen on the face of the sample. As to the 
exact reason for this improvement in reproducibility and 
accuracy, only an assumption can be made. It is assumed 
that the oxygen gives a more arc-like discharge, allowing 
more material to be consumed. Also the oxidizing atmos- 
phere may have a tendency to offset the metallurgical 
effects. It will be noted from the results in Tables II and 
Iil that the erratic results only occur when the silicon 
content is above 0.35%. It is concluded from the results 
obtained, that this method is satisfactory for the analysis 
of this type of material. 
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The Spectrographic Determination of Molybdenum 


In Uranium-Molybdenum Alloys 


Douglas H. Purcell 
W.R. Grace & Co., Davison Chemical Division, 
Nuclear Reactor Materials Plant, Erwin, Tennessee 


Abstract 


Molybdenum can be determined as an alloying constituent in 
uranium-molybdenum alloys by the point-to-plane spark method of 
spectrographic analysis. The method covers a concentration range of 
1 to 5% molybdenum, and the precision at the 95% confidence level 
is = 7%. Time required for the analysis of one sample is about 
fifteen min. 


Introduction 


Alloys of uranium are gaining considerable popularity 
as fuel elements in various power reactor programs, and 
the producers and users of these alloys require reliable an- 
alytical methods for the determination of the added ele- 
ments. Alloys of molybdenum haye been of particular 


interest. Chemical methods are time-consuming and often 
unreliable, due to the low volatilization temperature of 
molybdenum compounds. The various universal methods 
of spectro-chemical analysis lack the desired precision 
necessary to determine if the sample meets the required 
specifications, and no specific references were found to 
deal with the spectrographic determination of molybdenum 
in the concentration range of interest. 


The success of the point-of-plane spark method (1) of 
spectrographic analysis in the analysis of aluminum alloys, 
steels, and zirconium alloys (2), suggested an evaluation of 
that method as a rapid and reliable method for the deter- 
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TaBLe I. APPARATUS AND SPECTROGRAPHIC OPERATING 
CONDITIONS 


Electrodes: Sample Sample disc, ¥% in. thick 


Counter 3/16 in. hemispherical tip, U.C.P. 
No. 105-U 
Analytical gap, mm 2 
Excitation unit Baird-Atomic 
Capacitance, ufd 0.0075 
Inductance, wh 6.0 
Resistance, ohm None added 
Breaks/half cycle 8 
Current, r.f. amp 7.0 
Exposure, sec 20 
Pre-exposure, sec 10 
Spectrograph Baird-Atomic, 3 m Eagle, 15,000 


line/in. grating, Ist order 


Wavelength range, A To include 2450 to 3750 


Slit width, uw 50 

Sector holder 27.0 cm from slit 

Arc stand 49.4 cm from slit 

Filter Neutral, 6% transmitting 
Photographic emulsion Eastman SA-2 
Developer Kodak D-19, 20° C, 4 min 
Plate Calibration Two-step method, iron are exposure 
Line Pairs 

Molybdenum 3871.50 A 

Uranium (internal standard) 2889.62 A 


mination of molybdenum in uranium-molybdenum alloys. 
The results of that investigation are the basis of this report. 


Experimental 


Neither primary nor secondary standards of uranium- 
molybdenum alloys were available commercially. The 
samples and the samples used as standards in this investiga- 
tion, were discs 4 in. thick that were sawed out of ingots. 
The molybdenum content of the standards was determined 
chemically by a colorimetric method (3). In order to ob- 
tain reliable standards, the discs used as standards were 
those that showed the best precision on repeat analysis by 
the chemical method. Several specimens were selected as 
standards, and these were used to prepare a spectrographic 
working curve; those that fell off a straight line calibra- 
tion curve were discarded. From ten samples, six were 
selected as standards because of the precision obtained by 
sparking various points along the surface. 


The spectrograph employed and the excitation and ex- 
posure conditions are listed in Table I. The optimum pre- 
exposure and exposure time were determined from moving 
plate studies. The times selected were based on density 
readings obtained and standard deviations of the intensity 
ratios of the line-pairs. Minimum standard deviations were 
obtained with the pre-exposure and exposure selected. 


Better precision was realized by keeping the sample 
cool during excitation. Since a % in. sample, when sparked 
directly, overheated during the exposure, the sample was 
placed on a 4 in. iron block during excitation and im- 
mersed in water between exposures. A Petrey stand was 
found to be inconvenient to use in this method, as the 


samples varied considerably in both length and width. For . 


this reason, the sample, mounted on an iron block, served 
as the lower electrode. 


Most point-to-plane samples are prepared by sanding 
or machining. Because the samples were only % in. thick, 
it was felt that machining would result in too thin a 
sample. Preparation of the sample on a belt sander was 
attempted; however, because of the extreme flammability 
of uranium particles, excessive sparking occured, and this 
method was abandoned. The method adopted was to face 
the sample by hand with emery cloth in an enclosed area 
to prevent contamination. 
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Tasre I]. METHOD UsED FOR CoRRECTING RESULTS 


Std. Run" Dev. Run’ Dev. Run*® Dev. 

3.01 2.85 — 0.16 3.08 + 0.07 2.90 —0.11 
PGP 205 5 —0,17 273 + 0.01 DAT — 0.05 
1.60 1.45 —0.15 1.68 + 0.08 P52 — 0.08 
Ave. —0.16 + 0.05 — 0.08 


“Answers corrected by adding 0.16%. 
"Answers corrected by subtracting 0.05%. 
“Answers corrected by adding 0.08%. 


Discussion 


In order to improve accuracy, a new technique was 
used. Fourteen exposures are used on each 4” x 10” plate. 
Samples, where possible, were analyzed in groups of four. 
The exposures were done as follows: Plate 1, 4 exposures 
of Standard A, 4 exposures of 2 samples, and 2 exposures 
of Standard B; and Plate 2, 2 exposures of Standard B, 4 
exposures of 2 samples, and 4 exposures of Standard C. 


After calculating the intensity ratios, the concentra- 
tions for the three standards were obtained. The results 
obtained on the standards were subtracted from the known 
value, rather than shift the calibration curve. The devia- 
tions were added and divided by three. The average obtained 
was added or subtracted to the values obtained on the 
samples. Examples of this method are presented in Table II. 


The concentration of molybdenum in the alloy re- 
quired by the: customer must be between 2.50 and 3.00 %. 
As a further means of insuring accurate results, a method 
was incorporated to recheck values that bordered on the 
precision limits. Samples were analyzed in the following 
manner: results of < 2.40%-—not rechecked; results of 
2.40 to 2.60%—reanalyzed; results 2.60 to 2.90%—not 
rechecked; results of 2.90 to 3.10%—reanalyzed; and 
results of > 3.10% —not rechecked. 


The precision of the method was determined by spark- 
ing the same sample twenty-seven times (Figure 1). The 
absolute precision at the 95% confidence level was found 
to be + 0.16 at a concentration of 2.32% molybdenum. 
The relative precision based on quadruplicate analysis is 
+ 3.6% at the 95% confidence level. 


Some segregation has been found in several samples. 
Figure 1 illustrates a typical sample with spectrographic 
values obtained at various points. The section on the right- 
hand side of the figure represents the section taken for 
chemical analysis. If there is segregation in a particular 
sample, the chemical method would have a bias, depending 
upon the section from which the sample was taken. 


The results obtained by chemical and spectrographic 
analysis indicated an apparent bias with the spectrographic 
results about 0.10% higher than the chemical results, on 
the average. The chemical analysis used on these samples 
was a gravimetric method; hence, low values would be 
obtained if the sample was heated at too high a tempera- 


Fic. 1. Typicat SAMPLE SHOWING SPECTROGRAPHIC 
REsULTs OBTAINED AT Various PoInts 


Vou. 15, No. 4, 1961 


ture. In addition to the possible loss of molybdenum in the 
chemical method, several samples have shown some segre- 
gation, especially near the edge of the sample. Results 
obtained from different laboratories are listed in Table III. 
The spectrographic method shows a relative deviation of 


less than 5% compared with x-ray fluorescence. 


| TaBxe III. Comparison oF RESULTS OBTAINED BETWEEN 


LABORATORIES 
Lab. I Lab. I Lab. II 
Spec. X-Ray Chem. Chem. 
2.50 2.60 Pe SA. 2.36 
3.05 Bel7 ei 3.10 
2.44 2.34 PaRy Hb 2.24 
2.49 2.45 2.43 2631 


Background corrections were not used in this method, 
as this did not improve the precision. The analytical lines 
used are approximately 3 mm apart on the plate and the 
background from the uranium matrix in this region of the 
plate was found to be equal at both lines. The micro- 
photometer was set at zero on background previous to 
reading the molybdenum line, and it was not necessary to 
reset the zero for the uranium line for the same exposure. 


| Because of the background created by uranium, however, 


it was found to be necessary to change settings for different 
concentrations of molybdenum. It was believed that at 
the level of 99% uranium the background was too high to 
accurately determine the concentration of molybdenum by 
this method. 
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Conclusions 


This method has proven very satisfactory from the 
standpoint of accuracy and speed for the determination of 
molybdenum in uranium-molybdenum alloys. Approxi- 
matey fifteen min are required to analyze one sample. The 
spectrographic results agree with results obtained by other 
methods, as well as chemical results obtained in different 
laboratories. 
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A Technique for Obtaining the Ultraviolet 
Absorption Spectrum of Solid Keratin 


E. G. Bendit and D. Ross 
Commonwealth Scientific and Industrial Research Organization, Wool Research Laboratories, 


Division of Textile Physics, Ryde, N.S.W., Australia 


Abstract 


A technique is described for obtaining spectra of solid keratin in 
the form of thin sections of horse tail hair. The method of sectioning, 
mounting the specimen, and positioning it in the beam of the spec- 
trophotometer is given. The application of a correction procedure for 
scattering, which has previously been described by other authors, and 
a corrected ultraviolet absorption spectrum of keratin are included in 
the report. 


Introduction 


Most work on the absorption spectrum of keratin, as 
indeed of proteins generally, is carried out in solution, 
because the material is not normally available in films of 
suitable thickness; only isolated reports have appeared in 
the literature on the spectrum of the solid (1,2). Keratin 
is an insoluble protein and can only be dissolved after 


‘fairly severe chemical treatment. The information that 


can be obtained from the protein in solution is therefore 
limited, and data about the actual structural environ- 
ment of the chromophoric groups in the solid material 
cannot be obtained by this technique. Apart from avoid- 
ing these disadvantages, use of solid keratin affords the 
possibility of working with the material under different 
conditions of strain, water content, etc., as well as the 


application of the valuable technique of polarized radia- 
tion. This report_is confined largely to a description of the 
experimental technique, and the important scattering cor- 
rection. An absorption spectrum of unstretched keratin is 
included in the report. Details of further results obtained 
with this technique have been reported elsewhere (3). 


Experimental 


An Optica CF4 spectrophotometer was used for this 
work and was modified to permit the use of long, nar- 
row specimens (Figure la). The beam leaving the exit 
slit of the monochromator was condensed by a fused 
silica lens, which formed an image of the filament near 
the specimen position. The reduction of beam cross-section 
from about 5 x 5 mm to about 1 x 5 mm was achieved 
without losing appreciable energy at the photomultiplier 
detector. For measurements of ultraviolet dichroism of the 
specimen, a commercially available polarizing prism of the 
Glan-Foucault type was placed between specimen and de- 
tector. 


The material selected for this investigation was near- 
white, horse-tail hair of 200-250 » diam. Thin longi- 
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frame of stainless steel 


gail A eeries stretching device. 


monochromator compa rtment. compartment 5 


additional lens.]} specimen. detector. 


sliding 


polarizer Brake 
specimen slits. Epikote specimen. 
cement. fixed end. 


positioning stops. 


sliding carriage. 


fused silica cell. 
(a) (b) 


Fic. 1. (a)—Drtacram oF THE MopiFiED Optica Sys- 

TEM AND SPECIMEN ARRANGEMENT, (b)—METHOD OF 

MountTinc Horse Hair SECTION ON A STRETCHING 
FRAME (LIGHT BEAM INTO PaPER) 


tudinal sections are needed for this work, as even a 4 us 
section of solid keratin absorbs about 50% of the inci- 
dent radiation in the wavelength range 250-290 mu». 
These sections were cut with a microtome using razor 
blades, and their thickness, which was measured by 
an interference method similar to that reported by 
Thomson (4), was +:0.3 of the microtome setting of 
4 pw. The section was mounted on a stainless steel stretch- 
ing frame by cementing the ends with Epikote 834 resin, 
as shown in Figure 1b. The device was placed inside a 
10 mm fused silica cuvette behind a rectangular aperture 
0.13 mm wide and about 70 mm high, in such a way 
that the specimen covered the entire aperture. Generally 
the cuvette was filled with a suitable immersion medi- 
um to reduce surface scatter (see below). A second 
cuvette, containing immersion medium only, was placed 
behind a similar slit, and the entire slit assembly mounted 
on the sliding specimen carriage to allow either specimen 
or blank to be introduced into the beam for absorbance 
measurements. Provision for accurate positioning of the 
slits in the beam was made by external stops. 


The choice of immersion medium presented some dif- 
ficulty as all liquids, such as o-dichlorobenzene, which are 
known to match the refractive index of keratin at the 
sodium D line, absorb strongly in the interesting wave- 
length range below about 300 my. However, even if a 
“matching” liquid could be found, which transmitted 
further into the ultraviolet region, its refractive index is 
unlikely to be the same as that of keratin throughout the 
spectrum. This applies particularly in a region of absorp- 
tion where the dispersion curve exhibits an anomaly. (In 
any case, surface scatter cannot be eliminated completely, 
at least with unpolarized light, because keratin is bire- 
fringent; the refractive indices (np) for light polarized 
parallel and perpendicular to the fibre axis are about 1.555 
and about 1.545 respectively.) Glycerol appears to be the 
least unsatisfactory immersion medium; its refractive in- 
dex (np = 1.473) approaches that of keratin, and it 
transmits down to about 230 mu. Moreover, the mismatch 
between solid keratin and glycerol is not as serious as it 
would be with a suspension, because a section has only two 
external scattering surfaces. Many tests, such as the effect 
of pH or urea on the spectrum of keratin, have to be 
carried out in aqueous solution. In this case the difference 
between the refractive index of the immersion medium 
and that of keratin is considerable and gives rise to a 
great deal of scattering. 
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The scattering correction is based on an extrapolation 
procedure from a non-absorbing region, which in the case 
of keratin lies at wavelengths above about 400 my. In 
the visible region, therefore, attenuation of the light in- 
tensity is due to scattering only and is relatively small if 
a proper immersion medium is used. Under these condi- 
tions, even slight impurities either on or in the specimen, 
or on the stretching device, give rise to large errors in the 
scattering correction; it was found necessary to extract 
the stretching device (with specimen mounted) with 
Analar petroleum ether (40°-60°C.) for about 30 min in 
a Soxhlet Extractor and wash it in cold Analar ethanol 
prior to each test. It was also essential to determine the 
“cell correction” which corrects for the mismatch in the 
silica cells, the immersion fluid, and the specimen slits 
separately for each test. This was done by displacing the 
specimen in the cell to remove it from the beam, while 
leaving the rest of the arrangement unaltered and obtain- 
ing absorbances at a number of points throughout the 
spectrum. 


Scattering Correction 


Unless the results are corrected for scattering of the 
specimen, little information can be obtained from the ex- 
perimental spectra. (At the keratin absorption peak in the 
vicinity of about 280 mp, about 10% of the attenuation 
is due to scattering in the case of glycerol, and nearly half 
the light is lost by scattering if water is used as an im- 
mersion medium.) Various attempts to do so have been 
reported in the literature, but none of these are really 
satisfactory. For example, Goodwin and Morton (5) ex- 
trapolate linearly from 340 and 370 my into the region 
of interest, about 270 mp, and a similar procedure was 
suggested by Beaven and Holiday (6). This type of 
method, which assumes a linear variation of scattering 
with wavelength, is probably valid only when the scatter- 
ing is small. Keilin and Hartree (7) correct the experimen- 
tal absorption spectrum of a suspension of pigmented parti- 
cles by obtaining curves with the cuvette at different 
distances from the detector and extrapolating to zero dis- 
tance. The authors state that this method is valid only 
in the wavelength range 500-600 mu where the scattering 
is small. 


Probably the least unsatisfactory method is that sug- 
gested, among others, by Schramm and Dannenberg (8), 
and later used by various authors, including Schauenstein 
(9,10), Treiber (11), and Walker (12). It is based on 
the following considerations; In a region of pure scat- 
tering, the absorbance (A) is related to the wavelength 
(A) by the expression (14): 

A= ka* [1] 
where x is an index, which is essentially a function of par- 
ticle size, and k is a factor which under favorable condi- 
tions does not change appreciably with wavelength, X. 
In a region of no absorption, therefore, the plot of log A 
against log X is a straight line of slope —x. When the par- 
ticle size is less than about 4/20, ie., about 150 A for 
ultraviolet light, x is 4 (Rayleigh scattering). For larger 
particles, the value of x decreases (15) and reaches a 
value of about 2 when the particle size is of the order of X. 


When absorption occurs as well as scattering, the plot 
of log A versus log \ deviates from a straight line towards 
higher absorbances, as A now contains contributions from 
both scattering and absorption. By extrapolating linearly 
from the non-absorbing region into the absorbing region 
and taking the difference between the experimental curve 
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Fic. 2. ULTRAVIOLET ABSORPTION SPECTRA OF A SOLID 
KERATIN SECTION IN DIFFERENT IMMERSION MEDIA 


The true absorbance (Da) is obtained by subtracting that due to 
scattering (Ds) from the experimental value. The scattering index x 
is given by x = tan 6, where 6 is the angle between Dy line and 
abscissa. 


and the straight line, the true absorbance (due to absorp- 
tion only) may be obtained from the graph. 


Our correction procedure is substantially that described 
above, but it is admitted that there are many objections, 
most of which have been well summarized by Treiber 
(11). Under practical conditions, the technique is es- 
sentially empirical, and its justification leans heavily on 
a number of isolated tests reported in the literature (8, 
10,12). The errors in the procedure can be greatly mini- 
mized by selecting suitable immersion liquids and so re- 
ducing the level of scattering. 


Results 


Typical experimental spectra of keratin are shown in 
Figure 2, and all show a linear portion, which for air 
extends to about 400 mp, while for glycerol it extends 
to about 450 my. The latter curve is undoubtedly more 
reliable, as small differences in absorbance between the 


| curved and linear portions are masked at high absorbances. 


At this stage, no explanation can be offered for the dif- 
ference in values of the scattering index, x. Similar vari- 


' ations have been observed in other tests when the same 


sample has been immersed in different immersion media. 


When the difference between the experimental points 
and the extrapolated straight line in Figure 2 is plotted 
against wavelength, the corrected absorption spectrum is 
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Fic. 3. CorRECTED ULTRAVIOLET ABSORPTION SPECTRA 

OF A SOLID KERATIN SECTION IN DIFFERENT IMMERSION 

Mepis 


obtained (Figure 3). It is seen that the difference between 
the curves is now quite small. Since the spectrum in air 
was taken at room humidity, less absorbing material was 
in the beam than when the sample was in glycerol because 
glycerol dries the specimen. This effect gives rise to a lower 
absorbance and is allowed for in the corrected curves. 


Conclusion 


The technique described in this report has enabled us 
to obtain satisfactory spectra of solid keratin. For quanti- 
tative work, some caution is required on account of un- 
certainty in the scattering correction. The technique may 
be extended to measuring spectra of stretched specimens, 
spectra with polarized radiation, and difference spectra. 
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APPLIED SPECTROSCOPY 


The Spectrographic Determination of Uranium 235. Part IV. 


Using a Direct Reading, Littrow, Grating 


Spectrograph and a Hollow Cathode? 


Ted Lee, Owen P. Killeen*, and S. A. MacIntyre 


Technical Division, Oak Ridge Gaseous Diffusion Plant 
Union Carbide Nuclear Company, Oak Ridge, Tennessee 


Abstract 


This report, the fourth of a related series dealing with the 
isotopic analysis of uranium, describes the use of a hollow cathode 
source and a 4-m, direct-reading, Bausch and Lomb high-resolution 
spectrograph. A relative precision of 3.0%, expressed at the 95% 
confidence level, was obtained with naturally occurring uranium for 
a single cathode determination of U~’ measured in twenty min. Evi- 
dence for a weak uranium line structure interfering with the U~”’ 
measurement is presented. 


Minor isotopes, U“' and U~*, present up to a few percent at the 
. y235 . . . . 235 
higher U** concentrations, did not interfere with U~’ measurements. 
Measurements of U~*, however, could not be made in the presence 
’ Pp 


of high U~ concentrations, thereby limiting the determination of 


total uranium necessary for calculating the percent U~’. At the lower 
U* concentrations, the concentrations of minor isotopes are generally 
too small to significantly affect the total uranium content of the 
sample. 


Introduction 


This paper, the fourth of a related series dealing with 
the isotopic analysis of uranium, presents an evaluation of 
a 4-m, direct-reading, Bausch and Lomb high resolution 
spectrograph, with a hollow cathode source. In the first 
paper (1) of this series, the work of other investigators 
was cited and the results obtained with de arc excitation 
and photographic recording using a Jarrell-Ash Wadsworth 
spectrograph were described. With the Jarrell-Ash Spec- 
trograph, a direct-reading attachment, and a hollow cath- 
ode source described in the second paper (2) of the series, 
a five-fold improvement in the precision was obtaincd. 
The third article (3), which presented an evaluation using 
a direct-reading, 22-foot, Eagle spectrograph, indicated a 
precision comparable with the mass spectrometer from 
about 30% to 70% U?®’. The precision was limited, how- 
ever, by a weak line, which interfered with the U**® 
measurement. This interference was relatively large at the 
lower concentrations of U?*°, making precise measurements 
difficult in the vicinity of naturally occurring uranium 
(0.712% U?8>). U?94 and U** also interfered with the 
measurement of higher concentrations of U?*°. To resolve 
the U234 and U??® spectral lines from the U7 line, and 
to reduce the effect of the interfering line, particularly at 
low concentrations of U7%°, a spectrograph of very high 
resolving power was needed. 


The high resolution Bausch and Lomb spectrograph 
with direct reading, permitted an examination of the inter- 
ference and an evaluation of the precision of analysis at 
the level of naturally occurring uranium. 


+This document is based on work performed at the Oak Ridge Gaseous 
Diffusion Plant operated by Union Carbide Corporation for the U. S. 
Atomic Energy Commission. 

*Development Division, Y-12 Plant, Union Carbide Nuclear Company, 
Oak Ridge, Tenn. 

+The experimental work was completed August 9, 1957 and approved 
for release on March 3, 1960. 


Equipment 
Source and External Optics 


The sample was excited in a hollow cathode discharge 
lamp of the hot cathode type (2). The spectral radiation 
from the source was condensed with a 10 cm lens focussed 
to produce as nearly a uniform field as possible at the 
entrance slit. An interference filter was used to minimize 
background from overlapping orders. 


Spectrograph 


The 4-m, high-resolution spectrograph (4), illustrated 
in Figure 1, used the 14th order of a plane grating ruled 
with 309 grooves/mm for a width of 200 mm to provide 
a reciprocal linear dispersion of 0.23 A/mm. The wave- 
length drift corrector, consisting of a plane glass plate, 
allowed compensating for small shifts in the positions of 
the spectral lines relative to the exit slit. The peak 
selector mirror allowed positioning the particular isotopic 
line to be measured over the exit slit and photomultiplier 
tube. 


4 Meter Bausch And Lomb Grating Spectrograph 


ie Collimator 
125 yt Entrance Slit 
Interference Filter Grating Plone Mirror. 
Wavelength Drift Corrector 
~ f- —-— _ 
b Peok Selector -Beam Splitter 
( 10 cm Lens! Mirror = 


1300u Exit Slit 
if /P2/ 


80 pz Oscillating Exit Slit 
{¢ Se ESE Plone 4 oat 
5 i) Reference Signal 
Motor Driven } P21 Ses aes ef 
Cam & Follower ~ 


Peok Selector—— 


Hollow Cathode Source 


1 
----------s 1 
/sotopic Signols—— \ 1 
H i 
' I 


Rotio Recorder 
(eee Peaks 
Reference 


Fic. 1. SKETCH OF EQUIPMENT 


Exit Slit Alignment 


A peak-scanning measurement technique served to as- 
sure alignment of the exit slit with the spectral line. The 
exit slit and photomultiplier tube were driven back and 
forth over the spectral line by a motor-driven cam and 
follower at about 10 cycles/min. The amplitude of the 
resultant peaks was only a few percent of the height of 
the total peak. A recording of the output signal was a 
series of indicating peaks, the tops of which indicated the 
intensity, while the relative lengths of adjacent bottoms 
indicated the alignment (see Figures 2A and 2B). 


Electronics 


The ratios of the signals from the photomultiplier 
tubes were measured (5) as voltage drops across anode 
load resistors with a ratio recorder. Time constants of 
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Fic. 2. InpicaTinGc PEaks 


1 sec for the isotope signal and 5 sec for the reference 
} signal were optimum for the prevailing scanning speeds 
.and rate of source intensity drift relative to the short 
term signal fluctuations. 


Thermal Insulation 


A five-min cyclic drift in the alignment between the 
‘exit slit and spectral line was indicated by a series of 
J indicating peaks of the U?%* line recorded over a period 
}of several hrs. The lengths of adjacent bottoms of the 
indicating peaks alternately became equal and unequal 
hevery 2% min, as shown in Figure 2A. This cyclic drift 
} was correlated with the operation of the room air condi- 
| tioning system, which cycled within a 2° F control band. 
The effect was eliminated, as shown by the equal lengths 
}of the indicating peaks in Figure 2B, by insulating the 
} spectrograph housing with aluminum-backed fiber glass. 


! Vibration Absorbers 


The spectrograph was isolated from vibration with lay- 
fers of cork, felt, and Isomode rubber placed under each 
| leg. The dip in the recording between the U?** line and 
| the U?°° line (Figure 3A) was used as a measure of reso- 
) lution, since any impairment of the spectral line definition 
|by vibration would raise the dip between these closely 
spaced lines. No change in the dip was observed with the 
| building air-conditioning equipment (chief source of vi- 
)bration) turned on and off, indicating that vibration 
\from this source was not impairing the resolution. 


Effect of Minor Isotopes 
| a ? 
| The U?*® concentration may be expressed as 


| Mole % U??® = 100 Iy25/Ip-totat 

ii : 4 . one 
jor, in a system where the concentrations of U?** and?*® 
jare significant, as 


| 
| Mole % U225>—=100 Tp22e/ (yes Tye + Ty2s0+ Dyess) 
|where I is the photometric intensity, essentially proportion- 
jal to concentration when properly corrected for background. 
All of the isotonic lines at 4244 A appear to have identical 
|sensitivities. U2? and U?8*, present up to a few percent 
jat the higher concentrations of U**®, are referred to as 
jminor isotopes. The wavelength spacing of the uranium 
isotopes is shown in Figure 4 (6). Since the concentra- 
itions of these isotopes vary independently, it is necessary, 
jif an unbiased determination of the percent U??> in the 
jsample be obtained, that the minor isotopes do not inter- 
\fere with the U235 measurement in the numerator, and 
that the minor isotopes be included in the total uranium 
measurement in the denominator. 
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Fic. 3. REsoLUTION oF U?*® From U?*+ anp U??6 


Uranium 235 Measurement 


The minor isotopes are adequately resolved on the re- 
cordings of Figure 3. Quantitative determination of U?*° 
in samples containing as much as 13.5% U?**, the closer 
of the minor isotopes (see Figure 4), agreed well with 
samples containing no U?*4, 


Total Uranium Measurement 


The need for measuring the minor isotopic contribu- 
tion to the denominator of the equation did not apply at 
the lower concentrations of U*° (below a few percent 
U*"°), since at these levels the concentrations of minor 
isotopes were generally too low to affect the U??° analysis. 


For accurate determination in samples of high U?° 
concentrations, the problem could be met by measuring 
each isotope separately and taking the sum, or by measur- 
ing a non-isotopic line characteristic of total uranium. 


The problem of measuring each isotope separately and 

; . 234 
taking the sum was examined briefly. A scan of U?** and 
U**° indicated insufficient resolution to measure about 1% 
U?*4 in the presence of 90% U??°. Thus the summation 
of individual isotopic peak measurements was not an ac- 
ceptable solution when U?*® was very high in the presence 
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of very low U?** concentration. At more favorable ratios, 
however, this summation method might be feasible, as 
indicated by Figure 3A. (The 90% U?**, however, was 
readily measured without interference from the U?**, as 


indicated earlier. ) 


The second method, measuring a non-isotopic uranium 
line characteristic of total uranium, was not examined at 
this time. This method would have required examining 
several non-isotopic uranium lines and selecting a line 
showing excitation behavior in the source similar to that 
of the uranium 4244 line or any other U?*° line which 
would have been selected. 


Method and Results 


Sample Preparation and Excitation 


Handling cathodes in groups of 30 or more, approxi- 
mately 2'% hrs of elapsed time, and about 3 min effort 
per cathode, were required for sample preparation. 


The sample, consisting of 50 mg of UsOx, was dis- 
solved in one drop of nitric acid in a glass test tube. The 
excess acid was driven off by heating, and the remaining 
uranyl nitrate was dissolved in 1 drop of water. The solu- 
tion was then transferred to an iron cathode, evaporated 
to dryness, and ignited to convert the uranyl nitrate to 
an adhering deposit of U3Ox. After cooling, the cathode 
cavity was brushed lightly with a length of pipe cleaner 
to remove any loose particles, which could cause insta- 
bility in the discharge. 


The cathode was screwed onto the high voltage post 
of the source lamp, and the assembly was screwed into the 
lamp. The lamp was operated in a continuously flowing 
atmosphere of argon at a pressure of 6 mm Hg absolute, 
and excited at 300 ma by a constant current power sup- 
ply. After 10-15 min pre-burning, the spectral radiation 
from the lamp reached maximum intensity and measure- 
ments were started. 


Type of Measurement 


Measurements were made of three quantities: U?*° in- 
tensity, U7%* intensity, and the background intensity. Each 
intensity was measured on the ratio recorder as a ratio 
to the reference signal (7,8) (see Figures 1 and 5). The 
three measured intensity ratios, in parenthesis below, were 
used to calculate the concentration ratio of U?*" to U?*8, 
as follows: 


(Iy2 i: Bu/ Iret) sais (Ip ai/ Leet) Cys 
(Ip: a Bu/ Tree) ak (Ipm/Tret) Cys 


where Bu represents the background under each spectral 
line, which was included in the measurement of the line, 
Bm represents the background measured to one side of the 

235 line, and & is a constant (1.482 at the level of 
naturally occurring uranium) to make Bm equivalent to 
Bu. This constant was calculated from the known concen- 
tration ratio and measurements on 20 cathodes containing 
a standard at the level of naturally occurring uranium 
and solving for & in the above relationship. The constant 
k was not determined for other levels but would be ex- 
pected to vary with changing concentration of U?*” be- 
cause of the complexity of the uranium background. It 
was assumed in the above expression that Bm, adjacent to 
the U7" line, was a suitable background correction for the 
U3 measurement; for the general case where the concen- 
tration of U7" was much higher than U?#°, this was satis- 
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factory. The reference signal cancelled out in the above 
relationship but served to minimize the effect of changes 
in the source intensity during the 2 min required to 
measure the intensities of the 2 isotopic lines and the 
background. 


The percent U?8° was calculated from the concentra- 
tion ratio of U?*° to U8 as follows: 


100 Cy220/Cy23s 
OO 
Cy285/Cy2as + Cras/ U23s 


where R = Cy25/Cy2ss. 


Precision 


The precision was determined at the level of naturally 
occurring uranium from measurements on 20 cathodes. 
The average for these cathodes was 0.712% U?8*. The 
value for each cathode was the average of 10 repeat 
measurements made in 20 min. The average precision per 
set of 10 repeat measurements on the same cathode, repre- 
senting the internal precision, was +1.3% of the amount 
present. The cathode-to-cathode, or sample-to-sample, pre- 
cision for a single cathode was +3.0% of the amount 
present. Both precisions are expressed at the 95% con- 
fidence level. 


The above precisions for the naturally occurring level 
were not necessarily those to be expected in typical routine 


) continuum; 


Wor. 15, No. 4; 1961 


application but may represent the quality of results eventu- 
ally attainable in routine practice. Among the factors 
which could influence routine results, several conditions 
held especially uniform for this evaluation are discussed 


| below: 


(1) The uranium oxide samples were obtained in relative- 
ly pure form. Prospective routine samples may con- 
tain impurities which could affect the uniformity of 
the cathode deposit and might also contribute vari- 
ance in spectral background. 


(2) The samples were handled as a group, but each of 
three basic operations, cathode preparation, measure- 
ment, and calculation, was conducted by a different 
operator. 


(3) As indicated earlier, the total measurement time for 
a cathode was 20 min, made up of 10 repeat measure- 
ments. Practical routine application would probably 
require a multiple source assembly (3), with at- 
tendent multiple optical and electrical components. 
These additional units would probably introduce 
sample-to-sample variance involving factors not eval- 
uated in the present study. 


Discussion 


Although the +3.0% precision per single cathode 


| would be satisfactory for certain routine applications, im- 


proved precision in some cases might be desired. In a 
previous study (3), it was shown that a weak line at 
approximately 4244.09 A limited the precision by inter- 
fering with the U?*® measurement at 4244.122 A. Further 


examination of that interference was possible with the 


higher resolution of the present equipment. 


The individual measurements, from which the value 
for each cathode was obtained, lay in separate families, 
often without overlap, indicating a distinct factor not 
statistically random in nature. Experimental evidence that 
this variance arose from the background was obtained 


| from measurements on 3 cathodes containing a standard 


with essentially no U?*? (0.03%). These measurements 
showed similar cathode-to-cathode variance in the form 
of families of data. Recordings of these cathodes at the 
U?®° position indicated a weak line superimposed on the 
the cathode-to-cathode variance introduced 
by the interfering line could be readily seen. 


Recorded scans in the 12, 13, 14, and 15th orders of 


| the standard containing essentially no U**® showed the 
'same line structure in each order, and with increasing 


order number, the intensity ef ratio of the structure at the 


| 


/U*8® position to the U*** peak decreased. This indicated 


that the structure did not arise from an overlapping order 
and probably was not a grating ghost. 


The interference was not associated with either the 


chemical form of the sample or the cathode material, since 


10 iron cathodes and 10 nickel cathodes, each containing 
35 mg of uranium metal at about 0.3% U?*’, showed 
similar cathode-to-cathode variance in the form of families 
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of data when analyzed for U**°. Recordings of an empty 
iron cathode and an empty nickel cathode, containing no 
uranium but excited in the usual manner, showed no struc- 
ture at the U**® position. The argon support gas was also 
free from suspicion, since it was used in the iron and 


nickel blanks. 


Summary and Recommendations 


At the level of naturally occurring uranium, a pre- 
cision of +3.0% of the amount present, expressed at the 
95% confidence level, was obtained for a single-cathode 
determination measured in twenty minutes. Although 
adequate for certain routine applications, the precision 
was evidently limited by a weak interfering line under 
the U*° line at 4244.122 A. Since the interfering line 
showed excitation behavior different from the U?*® line, it 
might be suppressed by changing excitation potential in 
the source. The problem might be solved by selecting 
another isotopic line pair, free from interfering line struc- 
ture. 


U*> was measured without interference from U??4 


and U?8°, present up to a few percent. Measurements of 
the U?**, needed to determine total uranium for calculat- 
ing the % U??*, could not be made in the presence of 
large concentrations of U?*° because of insufficient reso- 
lution. When the concentration of U7** is low and not 
resolvable, the relative error contributed to the U?*° de- 
termination is not appreciably more than the absolute con- 
centration of U?**. For refined measurements, a non-iso- 
topic uranium line showing excitation behavior similar to 
the U?*® line should be sought for the total uranium 
measurement. 
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Use of Low Molecular Weight Polyethylene 


in Ultraviolet Spectroscopy~ 
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Abstract 


The ultraviolet spectra of high-molecular-weight materials were 
obtained by dispersing them in polyethylene, which had a negligible 
contribution to the spectrum between 2200 and 4000 A. The spectra 
of reference compounds as well as asphaltenes and polymers are given. 
The sample is stirred into melted polyethylene, and a portion of the 
dispersion is pressed between sheets of metal foil in a heated laboratory 
press to form a film. A circular plate cut from the film and mounted 
between two metal rings is inserted into the spectrophotometer to 
obtain a spectrum. 


Introduction 


The need for a convenient method of obtaining ultra- 
violet spectra of high-molecular-weight materials, such as 
asphaltenes (pentane insoluble fractions from crude oils) 
and polymers (from the naphtha fraction of shale oil), 
has existed in this laboratory for some time. Solution of 
complex high-molecular-weight materials is either diffi- 
cult or impossible in the commonly used solvents such as 
benzene or the chlorinated hydrocarbons. Frequently the 
sample is only partly soluble, and the solvent itself has 
absorption in some part of the ultraviolet region so that 
a complete sample spectrum is not obtainable. 


The potassium bromide technique (1) developed for 
use in infrared spectroscopy has been used in ultraviolet 
spectroscopy (1,2). The production of satisfactory plates 
is difficult because scattering of the incident radiation by 
the plates usually produces high background absorption. 


Procedure 


To prepare a reference plate, 1-3 g of the polyethylene, 
Epolene C (Tennessee Eastman Co.,), is heated on a lab- 
oratory hot plate in a 10 ml beaker (beakers can be cleansed 
in boiling toluene) until it is free flowing. The poly- 
ethylene becomes soft at 80-85° C and tends to flow slow- 
ly at 85-95° C. A free flowing material exists at 95-125° 
C. Above 125° C, fumes are evolved, which indicates de- 
composition of the polyethylene. Overheating the poly- 
ethylene should be avoided in making the melt since a 
cloudy plate will result. 


A portion of the melt is poured onto a sheet of alu- 
minum foil to form a spot about 1.5 cm diam. After 
cooling, the melt is covered with a sheet of foil, and the 
sandwich is pressed in a heated (95-100° C.) laboratory 
press for about one min. The press employed in this lab- 
oratory was an hydraulic press having a 1'4-in. ram 
and 6-in. square, heated plates. The hydraulic pressure 
employed to press the film was 1000 psi. The temperature 
to which the laboratory press is heated should be 95-100° 
C to insure that the polyethylene flows properly and that 
the resultant film does not adhere to the sheets of metal 
foil. After one min, the pressure is released, and the sand- 
wich is removed from the press and cooled. The 2 sheets 
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of aluminum foil are then stripped from the film, which 
has an area of approximately 60 cm. The film is placed 
between 2 metal rings, 2.5 cm o.d. and 1.4 cm id., and 
a circular plate is cut from the film. The resultant cell 
is held together with plastic tape on the outside circum- 
ference of the rings, and the entire unit is inserted into 
the instrument to obtain the spectrum. 


The same procedure that is used to prepare a reference 
plate is followed when preparing a sample plate except 
that the sample is stirred into the molten polyethylene 
with a mechanical stirrer equipped with a glass stirring 
rod. Samples having a mp above 100° C are ground and 
screened to a particle size of —-300 mesh before stirring 
into the polyethylene. Samples that are liquid at 100° C 
are stirred directly into the molten polyethylene. Weighed 
quantities of polyethylene and sample are mixed to form 
the melt. The distribution of the sample in the poly- 
ethylene film is an important factor affecting the repro- 
ducibility of the intensity of any absorption band. The 
reproducibility of intensities has been checked in this 
laboratory by changing the orientation of the films in 
the instrument. For films that showed even distribution to 
the eye variations in absorbance of +0.03 were found. 


The sample weight, the total weight of the mixture, 
and the density of the polyethylene (3) are used to calcu- 
late the concentration (g/l) of the sample that is present. 
The thickness (cm) of the final plate is determined by 
dividing the weight of the final plate by the density of 
the polyethylene times the area of the plate (cm?). The 
density of the mixture is assumed to be the same as 
polyethylene for these calculations. 


Results and Discussion 


Polyethylene films that have low absorbance in the 
2200-4000 A region can be prepared by the procedure 
outlined in this paper. The spectrum, obtained on a Cary 
Model No. 11 double beam spectrophotometer, of a clear 
polyethylene film is shown in Figure 1, curve 1. Over- 
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heating the original melt produces a cloudy plate, and the 
degree of opacity is directly related to the amount of 
overheating. The spectrum shown in Figure 1, curve 2, 
is typical of the increase in absorbance brought about by 
overheating. The opacity of the film was apparent as a 
dense cloud in the entire film, and the spectrum of the 
film in curve 2 shows a relatively high absorbance through- 
out the entire 2200-4000 A region. 


The potassium bromide technique (1) of sample 
preparation has been used in ultraviolet spectroscopy (2). 
Scattering of the incident radiation usually gives back- 
ground absorbance of approximately 1. A reduction in 
the amount of grinding gives plates with less scattering 
but gives uneven distribution of the sample. Plates thinner 
than 0.058 cm are not rigid and were thus not used. If 
polyethylene is used for sample dispersion, scattering is 
not a problem, and the samples can be separately ground 
and dispersed in the polyethylene by stirring. Little energy 
is absorbed so that the instrument’s resolving power is 
fully used. 


The spectra of samples in polyethylene compare favor- 
ably with those in the common solvents used in ultra- 
violet spectroscopy. This is illustrated for chrysene in 
Figure 2 and for octahydroanthracene in Figure 3. The 
spectrum of chrysene is shown in polyethylene, absolute 
ethanol, and dioxane; the spectrum of octahydroanthra- 
cene is shown in polyethylene and absolute ethanol. These 
compounds were chosen from the many compounds run 
on the basis of molecular weight and the contrast in fine 
structure. The well-known solvent effect is apparent in 
the spectra shown and is much more pronounced for 
chrysene than for octahydroanthracene. The difference in 
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the amount of shifting of the absorption maxima in the 
various solvents is to be expected because of the difference 
in the molecular structures of the compounds. Shifts of 
the longer wavelength bands are greater than those of the 
shorter wavelengths band as would be predicted from the 
solvent effect. A decrease in definition can also be attrib- 
uted to the same effect. The shifting of the bands does 
not destroy their relationship to each other within a spec- 
trum. Hence, the ultraviolet spectrum in polyethylene is 
acceptable for analytical use. 


TaBLe I. Mortar EXTINCTIONS OF CHRYSENE AND OCcTA- 
HYDROANTHRACENE IN Various MEDIA 


Absolute 
Compound 95% Ethanol" Polyethylene Ethanol 
Chrysene 77,620 74,556 72,960 
Octahydroanthracene 1,950 2,046 22372 


“from (4) 


The molecular extinctions for the chrysene maximum 
near 2600 A and for the octahydroanthracene maximum 
near 2850 A, run in polyethylene and absolute ethanol, 
were compared to the values obtained in 95% ethanol by 
Friedel and Orchin (4). The values are given in Table I. 
The values are acceptable considering the purity (approxi- 
mately 95%) of the compounds and can be used in the 
usual manner for qualitative analysis. 


The spectrum of the pentane insoluble fraction from 
a petroleum crude oil is given in Figure 4, and the spec- 
trum of some polymeric material formed in shale oil 
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naphtha is illustrated in Figure 5. The spectra show only 
broad absorption bands. But the spectra of these same 
samples in KBr pressed disks showed no bands although 
the disks appeared to be translucent. 


Conclusion 


Low molecular-weight polyethylene is useful in ultra- 
violet spectroscopy as a dispersion medium for samples for 
which no suitable solvent is available. The thin films of 
polyethylene, which are recommended, are almost trans- 
parent at the most useful ultraviolet wavelengths. 
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Infrared Spectra of Aliphatic Normal Mono-Amines 
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Abstract 


Solution spectra of aliphatic normal primary mono-amines from 
ethyl to decyl and of alpha-omega diamines from ethylene to octa- 
methylene are presented, as well as KBr spectra of the diamines. As- 
signments are made of various bands to structural moieties in the 
molecule. The solution spectra in each homologous series are markedly 
similar, but the KBr spectra of the diamines show differences distinct 
enough for qualitative identification. 


Introduction 


In the studies being carried out at this Laboratory on 
the coordination compounds formed between cellulose and 
amines, the limited information on the infrared spectra 
of the amino compounds being used became quite evident. 
Solution spectra of the aliphatic, normal primary amines 
reported in the literature in the 5000 - 666 cm! (2 - 15 
microns) range are very few in number and so are those 
of the corresponding aliphatic, alpha-omega diamines. 
The spectrum for ethylamine in chloroform in this region, 
reported by O’Connor and coworkers (9), cannot be 
taken as that of ethylamine since strong evidence for inter- 
action between ethylamine and chloroform is presented 
by Segal and Jonassen (13). Other reported spectra for 
methyl- and ethylamines are for the vapors (2,3,10). 
Spectra for pure butyl- and heptylamines are given only 
from 2000 - 1000 cm! (5 - 10 microns) (1). In the 
near infrared, solution spectra for the series methyl- to 
amylamine, and also heptylamine, are reported over the 
range 6802 - 6410 cm (1.47 - 1.56 microns) (6), and 
for octadecylamine from 10,000 - 3571 cm! (1 - 2.8 
microns (4). In the present paper, the solution (CCl,) 
spectra of the normal aliphatic amines from ethyl to 
decyl and of the aliphatic alpha-omega diamines from 
ethylene to octamethylene are given. KBr spectra are also 
included for the latter. Assignments of absorption bands 
to molecular structural units are made, and differences in 
spectra due to structural differences are pointed out. 


Experimental 


All of the amine compounds used in this study were 


+One of the laboratories of the Southern Utilization Research and 
Development Division, Agricultural Research Service, U. S. De- 
partment of Agriculture. 


obtained as high purity compounds. Except for ethylamine 
all were further purified by digestion over stick sodium 
hydroxide, drying with a sodium-lead alloy, and distilla- 
tion. Cuts were taken when the boiling points reached the 
literature values. Ethylamine was condensed in glass equip- 
ment cooled with ice-water. Samples for infrared examina- 
tion were sealed in glass ampoules. These were opened in a 
COz-free atmosphere (gloved dry box) in which the 
CCl, solutions and the KBr mixtures were prepared. 
Specimens of the diamines in KBr were made by adding 
very small quantities of the diamines to 350 mg portions 
of pulverized KBr. The specimen discs were then formed 
from 300 mg of the mixture according to the procedure 
described by O’Connor and coworkers (8). When the 
spectrum obtained in this way was too opaque, the quan- 
tity used was reduced until a satisfactory spectrum re- 
sulted. KBr spectra of the mono-amines could not be ob- 
tained because of the volatility of the compounds. 


Purity of the amines and the solution concentrations 
used are shown in Table I. 


TasBiLe I. Purrry AND SOLUTION CONCENTRATIONS OF 
THE AMINE COMPOUNDS 


Concentration in 


Com pound Purity as amine, Yo * CCl, g/1 
Normal mono-amines 
Ethyl 100 20.8 
Propyl 99 34.7 
Butyl 98 25.3 
Hexyl 99 30.9 
Heptyl 100 22.6 
Octyl 99 31. 
Nonyl 98 at 
Decyl 94 30.6 
Diamines 

Ethylene 98 20.0 
Trimethylene 96 37.0 
Tetramethylene 99 255 
Pentamethylene 100 26.4 
Hexamethylene 99 18.4 
Heptamethylene 99 Insoluble 
Octamethylene 95 Saturated 


“From titration with standard hydrochloric acid with methyl 
orange indicator for mono-amines and methyl red for diamines. 


————— 
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Absorption spectra* were obtained using a Perkin- 
Elmer Model 21** double-beam, recording infrared spec- 
trophotometer with a sodium chloride prism. 


Results and Discussion 


The spectra of the two groups of compounds will be 
discussed separately, after which differences and similari- 
ties will be pointed out. In the following discussions inter- 
pretation of spectra and assignment of bands were made 
after extensive consultation of several works (5, 11, 12). 

The solution spectra of the mono-amines, Figure 1, do 
not show a large number of absorption bands. There are 
only slight differences between the spectra regardless of 
chain length. This is similar to what Liddel and Wulf 
(6) found in the 6802 - 6410 cm’! (1.47 - 1.56 micron) 
region. Between 5000 and 1111 cm! (2 and 9 microns) 
the spectra are almost identical, and only between 1111 
and 909 cm! (9 and 11 microns) lie those bands that 
may serve to differentiate the compounds. 


A rather broad band lying in the region of 4347 - 
4000 cm (2.3 - 2.5 microns) is apparently an overtone 
of one of the higher bands since it lies above the func- 
tional group absorption frequencies. This could be the 
second overtone of the band at 1383 cm‘! (7.23 microns), 
a C-H bending vibration. Bands in the 4166 cm‘! (2.4 mi- 
cron) region are also observed in the vapor phase spectra of 
methyl and ethyl amines listed in Pierson and coworkers’ 
(10) catalog of gas spectra, while a 4273 and a 4201 cm’! 
(2.34 and 2.38 microns) band are found in the solution 
spectrum of octadecylamine (4). Holdman and Edmond- 
son (4) have found that these bands are two of four C-H 
stretching bands of the -CHy- group in long chain 
molecules. The extremely weak band in the 3636 cm‘! 
(2.75 micron) region is also found in the spectrum of 
octadecylamine (4) as two bands at 3676 and 3636 cm’! 
(2.72 and 2.75 microns), but no assignment was made. 


The weak band at 3413 cm! (2.93 microns) is an 
N-H stretching of the -NH»2 group. Whether this is a 
free or bonded -NHg group cannot be stated conclusively. 


| It lies at the edge of the bonded -NH)y stretching region, 


but it’s location is precisely that expected for a free 


| -NH»z symmetrical stretching mode. According to Jones 
| and Sandorfy (5), primary aliphatic amines exhibit two 


free -NHz stretching bands, the symmetrical mode at 


| 3401 cm?! (2.94 microns) and the asymmetrical mode 
| at 3496 cm! (2.86 microns). Mason (7) also lists two 


-NHgp stretching bands in this region. However, a stretch- 


ing mode at 3496 cm! (2.86 microns) fails to show in 
the spectra presented in Figure 1. The reason for this and 


the fact that the absorption intensity of the 3401 cm! 
(2.94 micron) band is quite weak is not clear at present. 
In the vapor phase spectrum of ethylamine given by 
Pierson and coworkers the two bands do appear, but 
apparently as bonded -NHzp stretchings since the band of 
medium intensity is located at about 3344 cm! (2.99 


/microns) and the weaker band at about 3225 cm! (3.1 


microns). 


The strong absorptions at 2941 and 2873 cm‘! (3.40 
and 3.48 microns) are clearly the asymmetrical and sym- 


metrical C-H stretchings of the -CHy- groups. 


Another puzzling feature seen in the spectra is the 
shoulder at 1677 cm! (5.96 microns). The vapor phase 


*AIl spectra were obtained at a chart speed of 0.5 micron/min, with 
following program schedule; Resolution at 927, Gain of 6, Response 
of 1, and Suppression of 3. Cell thickness, NaCl, was 0.48 mm. 


*% 


‘*Use of a company and/or product named by the Department does 
not imply approval or recommendation of the product to the ex- 
clusion of others which may also be suitable. 
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spectrum of ethylamine (10) also shows a strong absorp- 
tion in this region, located at about 1851 cm! (5.4 mi- 
crons). Skipping over to 1526 cm! (6.55 microns) dis- 
closes another very weak indication which seems closely 
related to the 1677 cm! (5.96 micron) band. The 1526 
cm’! (6.55 micron) band indicates a C=O group adjacent 
to an -NH group, and this, with the 1677 cm! (5.96 
micron) band, suggests the presence of a nonsubstituted 
amide grouping, except that the 3333 cm’! (3.0 micron) 
band for such a grouping is lacking. There seems to be 
no reason for amide bands here and certainly not any 
amine bands. Randall e¢ al. (11), however, mentions 
primary amines as one of several known exceptions hav- 
ing bands falling in the double-bond region—these are 
his “special invariant groups of unknown mode of vibra- 
tion.” 


The -NHp scissoring mode is clearly seen at 1626 cm"! 


(6.15 microns); the C-H bendings of the chain are lo- 
cated at 1470 and 1383 cm! (6.80 and 7.23 microns). 
At 1303 cm‘! (7.67 microns) appears the -CH»s- wagging 
mode. In the C-N and C-C stretching region from 8 
microns on out, certain bands can be assigned to C-N 
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stretching vibrations. These are the 1123, 1095, and 1071 
cm! (8.90, 9.13, and 9.33 micron) bands. The 892 cm"! 
(11.2 micron) band which is also present in this region has 
been reported as an external deformation of the -NH» 
group of primary amines (Bellamy 1/2). Randall (11) 
reports a C-N stretching at 892 cm (11.20 microns) in 
the Raman spectra of ethylamine. 


Although the chain length of the amines increases 
progressively to ten carbon atoms, no progression indi- 
cations, as reported by Sinclair and coworkers (14) for 
saturated fatty acids, appear in the amine spectra. One 
possible explanation for this is that the effect requires a 
certain minimum number of methylene groups before it 
will appear. 


The solution spectra of the aliphatic alpha-omega 
diamines, Figure 2, and those of the mono-amines exhibit 
only a small number of absorption bands. Neither do the 
spectra show any evidence of effects of increasing chain 
length, and only in the case of ethylenediamine can the 
inductive effect of the terminal amine groups be con- 
sidered as a factor perturbing the molecular vibrations. 


In the spectra of the diamines, many of the absorption 
bands are, as would be expected, quite the same as for the 
mono-amines. An overtone band appears at 4166 cm’! 
(2.40 microns) which again may be the second overtone 
of the C-H bending band at 1388 cm! (7.20 microns) ; 
the weak band at 2754 cm (3.63 microns) may be the 
first overtone. The -NHbg stretching bands of primary 
amine shown at 3401 and 3333 cm! (2.94 and 3.00 mi- 
crons) appear to be bonded. Although the reduction in 
intensity suggests less bonded -NHy» with increasing chain 
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length, no free -NH» bands appear. The C-H stretching 
modes are located at 2924 and 2857 cm’! (3.42 and 3.50 
microns), while the -NHp scissoring mode is at 1620 cm”! 
(6.17 microns). The bands at 1464 and 1388 cm™ (6.83 
and 7.20 microns) are the C-H bendings, while the -CH»- 
wagging vibration is located at 1300 cm** (7.69 microns). 
The -CHb- scissoring vibration could give rise to the 
1432 - 1436 cm! (6.98 - 6.96 micron) band. C-N 
stretching bands are developed at 1092 and 1069 cm‘! 
(9.15 and 9.35 microns) for most of the diamines, and 
at 1051, 1030, and 968 cm? (9.51, 9.70, and 10.33 mi- 
crons) for ethylenediamine. 


The great similarity of the spectra of the mono- and 
the diamines is illustrated in Figure 3. The spectra of 
the short-chain, odd-carbon amines and the long-chain, 
even-carbon amines are markedly similar except in the 
regions of 3333, 2777, and 1449 cm! (3.0, 3.6, and 6.9 
microns). An explanation of these differences cannot be 
made from the data at hand. The structures of the amines 
are related as shown below, 


H-CHp- (CH) n-NHe 
H»2N-CHo- (CH2) ,~-NHe 


where a terminal proton in the mono-amine has been re- 
placed by ah -NHge group, to form the diamine. In the 
diamine a plane of symmetry exists such that half of the 
molecule is a mirror image of a primary aliphatic mono- 
amine, 


NHo- (CHz) .— (CH) »- NH2 


thus one could expect much mono-amine character in the 
spectra of the diamines. 
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KBr spectra of the diamines, Figure 4, on the other 
}hand, show a multiplicity of absorption bands, and those 
| bands from 1666 cm™! (6 microns) on out are sufficiently 
different that they can serve for identification purposes. 
| Differences between solution and KBr spectra are more 
clearly seen in Figure 5. Considering the sample-holding 
| KBr disc as a porous matrix in which the liquid sample is 
| dispersed (where the diamine is not a solid at room tem- 
| perature) it becomes apparent that the spectrum obtained 
|} in this way is in many respects a liquid film spectrum. In 
) that situation, then, as with the solid diamine, many new 
| vibrations as observed in Figures 4 and 5 are to be ex- 
| pected because different combinations of vibrations be- 
.come possible. Not to be overlooked also are effects arising 
‘from interaction between the diamines and KBr. Many 
,combination bands can appear now. Of all the absorption 
| bands observed in the spectra, only ten are common to all 
yof the diamines. Because of the large number of diamines, 
‘no attempt will be made to analyze each individual spec- 
trum. Five of the ten bands are vibrations of the primary 
jamine group: three stretching modes in the 3448, 3333, 
jand 2173 cm} (2.9, 3, and 4.6 microns) regions, the 
‘scissoring mode in the 1587-1562 cm*! (6.3 - 6.4 micron) 
(region, and the rocking or twisting mode in the 823 cm"! 
| (12.15 micron) region. The presence of the 2173 cm'! 
| (4.6 micron) band supplies strong evidence that the -NH2 
group is highly associated in the undissolved diamine. The 
||band appears in the vapor phase spectrum of ethylamine 
\given in Pierson’s catalog (10) but has been given only 
{scant attention in other works (11, 12). The indication of 
|high association in the diamines is also evidenced by the 
‘high boiling points of the diamines, ranging progressively 
{from 117 to 240°C, as compared to the 16 - 180°C 
jrange for the corresponding mono-amines. 


| 
| 


The band in the region of 1639 cm! (6.10 microns) 
is attributed to the presence of water of hydration. The 
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diamines hydrate readily, and it is difficult to keep them 
absolutely anhydrous. 


There are four C-H absorption bands: 


the C-H 


stretchings in the 2941 and 2857 cm (3.40 and 3.50 
micron) regions, the C-H bending in the 1392 cm‘! (7.18 
micron) region, and the -CH»s- wagging in the 1333 - 
1262 cm™! (7.50 - 7.92 micron) region. 


The remainder of the many bands in the spectra are 
combination bands formed from various N-H and C-H 
stretching and bending vibrations. More detailed studies of 
the diamines seem indicated in order to explain the wide 
variations observed in wave lengths of the C-N stretching 
modes above 1000 cm‘! (10 microns). 
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Note 


infrared Spectra of Ethylenediamine and the 
Dimethylethylenediamines 


Leon Segal and F. V. Eggerton 


Southern Regional Research Laboratoryt, New Orleans, Louisiana 


The coordination compound formed between ethylene- 
diamine and cellulose has already been reported (1,2), 
and a study is in progress concerning the manner in which 
bonding occurs between the hydroxyl groups of the cellu- 
lose and the amino groups of the diamine. Two N-sub- 
stituted diamines, N,N-dimethylethylenediamine (asym- 
metrical) and N,N’-dimethylethylenediamine (symmetri- 
cal), are on hand for use in an attempt to elucidate the 
bonding and structure of the cellulose-diamine complex. 
Infrared absorption spectroscopy was considered an in- 
valuable tool for this structure study, complementing 
x-ray diffractometry, but its use was quickly hampered 
by lack of suitable infrared absorption data on the di- 
amines. A search of the literature failed to turn up any 
spectra for the dimethylethylenediamines, either published 
or cataloged. Only one paper (3) was found for ethylene- 
diamine*, but the published spectrum (liquid film) is 
only over the range 3500-2700 cm™! (2.85-3.70 microns). 
In the present paper the infrared spectra of ethylene- 
diamine and the two dimethylethylenediamines are given 
over the range 2-13 microns (5000-770 cm‘!), and the 
absorption bands observed are correlated with molecular 
structure. 


The dimethylethylenediamines were obtained com- 
mercially from the Ames Laboratories** and the ethylene- 
diamine from Carbide and Carbon Chemicals Corp.** as 
high purity liquids, but each was further purified by di- 
gestion over sodium hydroxide pellets. The supernatant 
layer was decanted, dried with a powdered sodium-lead 
alloy, and distilled. The boiling points of the cuts taken, 
and their purities as shown by titration with standard 
hydrochloric acid were: ethylenediamine, 117-117.5°C. 
(lit. 116.5°C. anhydrous; 118°C. hydrate), 98.0%; un- 
symmetrical dimethylethylenediamine, 108.5-110.5°C. (lit. 
101ET 04> = 105-108°C.)," 92.6% “and” “symmetrical 
dimethylethylenediamine, 118.5-119.5°C. (lit. 119°C.), 
90.5%. Samples of each cut were sealed in glass ampoules. 


+One of the laboratories of the Southern Utilization Research and 
Development Division, Agricultural Research Service, U. S. Depart- 
ment of Agriculture. 


*Since this manuscript was submitted A. Sabatini and S. Califano, 
SPECTROCHIM. Acta 16, 677 (1960), have published spectra of 
ethylenediamine and deuterated ethylenediamine in the vapor, liquid, 
and solid states. 

**Tr is not the policy of the Department to recommend the products 
of one company over those of any others engaged in the same 
business. 


The carbon tetrachloride solutions of the diamines were 
prepared in a COv- free atmosphere (gloved dry box). 
The concentrations of the solutions were ethylenediamine, 
19.99 g/1 (0.33 M); unsymmetrical dimethylethylene- 
diamine, 23.90 g/1 (0.27 M); and symmetrical dimethyl- 
ethylenediamine, 26.59 g/1 (0.29 M). 


Absorption spectrat were obtained using a Perkin- 
Elmer Model 21** double-beam recording infrared spec- 
trophotometer with a sodium chloride prism. 


In the following discussion, interpretation of spectra 
was made after extensive consultation of several works 
(4). Assignment of bands can only be tentative and in- 
complete until verified by deuteration and further study. 


The structures of the compounds are; 
NHe2-CH2-CH2-NH»2 ethylenediamine (EDA) 
CH3-NH-CHs-CH2-NHCH3; N,N’-dimethylethylene- 

diamine (symmetrical) 

(sym. DMEDA) 

N,N-dimethylethylene- 
(unsymmetrical) 
(unsym. DMEDA) 


and their spectra are given in Figure 1. 


NHo2-CHe2-CH2-N (CH3) 2 


diamine 


Structurally, EDA has two nitrogen atoms in primary 
amine groups, while in sym. DMEDA they are in sec- 
ondary amine groups. Unsym. DMEDA has one primary 
amine nitrogen and one tertiary amine nitrogen. In all 
three molecules, the 2-carbon chain has a nitrogen atom at 
each end. The presence of the CHs3- groups in the 
DMEDA’s would be expected to cause changes in the 
EDA spectrum in those regions where the CH3- vibrations 
are most apparent, and the position of these groups in the 
melecules would be expected to influence their spectra in 
the regions where carbon-nitrogen and amine vibrations 
appear. The spectra of the DMEDA’s are distinctive 
enough, however, to permit differentiation between the 
two compounds. 


In the 3-micron region, the two bands at 2.93 and 
3.00 microns (3412, 3333 cm!) in the spectra of EDA 
and unsym. DMEDA arise from bonded -NHbg stretching, 
unsymmetrical and symmetrical, of the primary amine. 
The tertiary amine group of unsym. DMEDA has no N-H 
stretching vibration. In the spectrum of this compound 
the intensity of the primary amine vibration is diminished. 
In the spectrum of sym. DMEDA, the single mode at 
2.99 microns (3344 cm!) is the single band of secondary 
amine stretching. All three compounds have strong ab- 
sorptions in the 3.39-3.59 micron (2950-2785 cm‘!) re- 
gion where CH;- and CHp- stretching vibrations appear. 


<All spectra were obtained at a rate of 0.5 micron/min, with the 
Resolution dial set at 927, Gain of 6, Response of 1, and Suppression 
of 3. Cell thickness (NaCl) was 0.48 mm. 
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he band at, 3.55 and 3.57 microns (2817, 2801 cm’) 


jin the spectra of the DMEDAs is characteristic of the 


‘N-CH3 group which is present in these compounds. 


The strong band at 6.18 microns (1618 cm!) for 
EDA is the -NHbp scissoring vibrations (primary amine). 
it probably includes some contribution from the H-O-H 


libending of hydrates because EDA is very hygroscopic, 


and great pains must be taken to keep the compound 
absolutely anhydrous. With no primary amine group in 
sym. DMEDA no -NHog scissoring vibration would be 


'found, while there is one of moderate intensity at 6.18 
‘microns for unsym. DMEDA. 


Also in the EDA spectrum, but lacking for the 


(DMEDA’s is a shoulder at 6.5 microns (1540 cm‘), 


which might be one of the three stretching modes of the 


‘N-C-C-N chain. The remaining two modes could be as- 
ysigned to any of the following: 7.32, 9.12, 9.51, 9.70, or 
110.33 microns (1368, 1097, 1050, 1030, or 968 cm‘), 
but a choice would be difficult. 


_ A marked difference in the spectra is observed at 6.84 
imicrons (1462 cm!) where the CH3- and -CHp»- de- 
ormation modes occur. The band in the EDA spectrum 
i of moderate intensity and arises from -CHby- scissoring 
jonly. But for the DMEDAs the contribution of the CH3- 
bending vibration strongly enhances the intensity of the 
band. The presence of the doublet suggests an asymmetric 


bending. 


The bands in the 7.28-8.0 micron (1374-1250 cm‘) 
wegion arise from C-H bendings, but precise assignments 
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are difficult. The EDA band at 7.32 microns (1366 cm!) 
can be assigned to C-H bendings only, as there are no 
CH3- groups present. The presence of these groups in the 
DMEDAs, however, is responsible for the rest of the 
bands in the region. 


The CH3- groups exert a noticeable effect on the EDA 
spectrum in the region from 7.7 to 11.1 microns (1299- 
901 cm *!). The principal C-N stretchings of a primary 
amine appear in the EDA spectrum at 9.12, 9.51, and 
9.70 microns (1096, 1052, 1031 cm‘!); the C-N stretch- 
ings of secondary amines for sym. DMEDA appear at 
8.72, 8.94, 9.03 and 9.15 microns (1147, 1118, 1107, 
1093 cmt). With unsym. DMEDA the absorptions for 
both primary and tertiary amines appear as would be ex- 
pected, the primary amine bands being located at 9.10, 
9.60, and 9.77 microns (1099, 1042, 1023 cm‘!) and the 
additional tertiary amine bands at 8.13, 8.37, 8.68, and 
8.84 microns (1230, 1195, 1152, 1131 cmt). Now, new 
bands not in the EDA spectrum, which reflect the pertur- 
bation of the C-N stretching of the amine by CHs- 
groups on the nitrogen atom, appear at 7.90, 8.37, and 
9.93 microns (1266, 1195, 1007 cm!) for unsym. 
DMEDA, and at 8.02, 8.57, and 9.85 microns (1247, 
1167, 1015 cm’') for sym. DMEDA. 


Although it is difficult to assign the bands in the 
region 10.0-11.5 microns (1000-870 cm‘), the bands at 
11.4-11.5 microns (877-870 cm!) present in all three 
spectra more probably arise from CH»z and NHg rocking 
and wagging vibrations, respectively. The band at 10.75 
microns (930 cm!) in the spectra of unsym. DMEDA 
seems to arise from the Cy-N stretching of the tertiary 
amine group. 

It is clear that only a few of the predicted number of 
normal fundamental vibrations (30 for EDA and 48 for 
DMEDA) appear in the spectra. This could be expected 
because of degeneracies, weakness of intensities, and limit- 
ed NaCl resolution. 


The authors are indebted to Miss Z. M. Zarins for 
obtaining the spectra. 
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Infrared Quantitative Analytical Data 


Publication is open to any person and is not limited to 
members of the Coblentz Society or the Society for Ap- 
plied Spectroscopy. Contributions should be sent directly 
to the Chairman of the Review Committee, Dr. A. Lee 
Smith, Spectroscopy Laboratory, Dow Corning Corpora- 


Determination of C, Aikylbenzenes (o-Xylene, m-Xy- 
lene, p-Xylene, and Ethylbenzene) 


J. A. CASTELLANO, Ultra Chemical Works, Inc., 
Paterson, New Jersey 


CS-158 


Slit Conen. 


Com ponent Range nae Shy (mm) mg/ml 
No. Name Formula ¢ %o Pts. Be cys 


Ap (mm) 


1,4 Dimethyl- 
benzene 


12.64 0.384 50 


= = 
CsHio 0-25 0-5 4, 3/12.9 0.049 0.0514 


1,3 Dimethyl- 13.04 0.426 50 


CgHi9 0-60 =0.5 


benzene 12% 8-133) 0:055") 0,09 14 
1,2 Dimethyl- te SE | WSO SO) 
3 benzene CSP TONE C80 St Oar eiscomorves ) 1OlOsd4 


14.44 0.750 50 


4 Ethylbenzene CgHyi9 0-30 =+1.0 40.14.98 Ologé "LOLO STS 


Instrument: Perkin-Elmer Model 137 Infracord, NaCl prism, normal 
slit program 

Sample Phase: Solution in Cyclohexane 

Cell Windows: NaCl 


Absorbance Measurements: Base Line......X...... Rome 
Calculation: Inverted Matrix......X...... Successive Approx............. 
Graphical...°........ 
Relative Absorbances—Analytical Matrix: 
Component/\ 12.6u 13.0u 13.5 14.4y 
1 0.261 0.006 0.000 0.006 
2 0.000 0.250 0.000 0.005 
3 0.000 0.002 0.432 0.043 
4 0.000 0.008 0.000 (15385 


Material Purity: Reference compounds 99 + % pure. 


Comments: Relative absorbances are given as the slope of the Beer's 
Law concentration curves used and are expressed in 
terms of absorbances per 100% of constituent. 


tion, Midland, Michigan. It is requested that methods be 
submitted in quintuplicate, using the standard format. 
Infrared spectra cannot be published as a part of this pro- 
gram. 


Determination of y-Cyanopropyltrichlorosilane in Methyl 
(y-cyanopropyl) dichlorosilane 


PHILIP J. LAUNER and ALFRED S. CROUSE, Silicone Products 
Department, General Electric Company, Waterford, New York 


CS-159 


Slit Concn. 
Accu- Norv (mm) Vol. Jo 
Range racy B.L. Anror Length 


Component 


No. Name Formula % % Pts. Ay (mm) 
y-Cyano- 
propyltri- CIANS? | 0b.) 2 16.78% 0.900 167 
1 Moro. CHeClsNSi 0-2 40.1 16.784 0.970 
silane 


Instrument: Perkin-Elmer Model 321, CsBr Prism 

Sample Phase: Solution in Carbon Disulfide 

Cell Windows: KBr 

Absorbance’ Measurement: Base line............ Point..... X 
Calculation: Inverse Matrix............ Successive Approx......... 


Graphicale eae: 
Relative Absorbance—Analytical Matrix: 


Component/X 16.78 
1 34.0 
Material Purity: 99.89% 
Comments: These compounds hydrolyze readily in moist air to give 
hydrogen chloride and high-molecular-weight siloxanes. 
For special precautions, which should be taken in hand- 
ling samples, see Anal. Chem. 31, 1175 (1959) and 
APPLIED SPECTROSCOPY 14, 86 (1960). The Io 
measurement is made using a carbon disulfide solution 
of pure methyl(y-cyanopropyl) dichlorosilane in each 
of two matched cells. For the I measurement, the 
reference cell is left in the reference beam, and the 
sample cell is filled with a carbon disulfide solution of 
the unknown. Relative absorbance is given as the slope 
of the Beer’s law concentration curve used and is ex- 
pressed in terms of absorbance per 100% of constituent. 


“One ml of sample is added to five ml of CS». 


Society News 


Governing Board Meeting 


The Governing Board of the Society for Applied Spec- 
troscopy met in the Hilton Hotel in Chicago on May 17, 
1961. Mr. Neil Gordon presided. Dr. Marvin Margoshes 
reporting for the Journal Award Committee announced 
that the committee had nominated four papers from 
among those published in Volume 14 of Applied Spec- 
troscopy for the award. The committee voted the award 
to “The Spectrochemical Analysis of Solutions. A com- 
parison of Five Techniques” by William K. Baer and Ed- 
win S. Hodge. It is planned to present the award of $100 
donated by Arthur Mittledorf at the Eastern Analytical 
Symposium in November. 


Mr. Zink presented a report from Dr. Frederick Strong, 
III, Editor-in-Chief of Applied Spectroscopy, which took 
issue with the present operation of the journal. After con- 
siderable discussion, the Governing Board resolved that the 
Executive Committee appoint a committee to investigate 
the operation of the journal and report by September Ist. 


Mr. Zink reported that the S.A.S. Bibliotheca Central 
de Spectroscopia had published four issues, which printed 
the titles of some 600 papers in spectroscopy. 


A resolution was passed that anyone wishing to speak 
publicly on any project or business that pertains to the 
Society first request authorization from the Executive 
Committee. 


The Conference Committee proposed several recom- 
mendations. The report defined a local meeting as any 
meeting sponsored by one Local Section; a regional meet- 
ing as any meeting sponsored by one or more Local Sec- 
tions; and a national meeting as any meeting sponsored by — 
the National Society. The Committee encouraged the pro- 
motion of Local and Regional Meetings whenever possible. 
It recommended that the Society sponsor one national — 
meeting a year to be held in September, October, or No- — 
vember; that this national meeting be rotated among the | 
various regions by petitions from the Local Sections; and — 


that exhibitors be requested to exhibit only at the national — 


Woot, 155 INi@s 2h, OG 


meeting unless exhibitors should desire to show at a local 
meeting. Petitions for the 1963 meeting should be in the 
hands of the Executive Committee by October 1, 1961. 


Nominations 
The Nominating Committee presents the following 
list of nominees: 
President-Elect 
Dr. Donald R. Johnson, Research Supervisor, Support- 


ing Chemistry and Analytical Chemistry, Polychemicals 
Department, Research and Development Division, E. I. 


du Pont de Nemours, Wilmington, Delaware. 


Dr. Claude A. Lucchesi, Supervisor, Analytical Re- 
search and Services, Mobil Chemical Co., Paulsboro Lab- 
oratory, Paulsboro, N. J. 


Dr. Johnson received a B. A. from the University of 
Minnesota and a Ph. D. from the University of Wisconsin 
in 1954. He has been employed at du Pont since gradua- 
tion. As Research Supervisor, his interest extends to all 
branches of spectroscopy — infrared, Raman, N.M.R., 
emission, x-ray and mass. 


He was chairman of the Delaware Valley Section of 
S.A.S. in 1960, and this year is a delegate from his section. 


Dr. Lucchesi received his B. S. from the University of 
Illinois in 1950 and his Ph. D. from Northwestern Uni- 


| versity in 1954. Upon graduation, he joined Shell Develop- 


ment Co. as a research chemist, becoming Group Leader 
in Spectroscopy. From 1956 until this summer when he 
accepted his present position, he was Director of the 
Analytical Research Department of Sherwin-Williams Co. 


He has been active in the Chicago Section of S.A.S., 
being vice-chairman in 1959 and chairman in 1960. He 
has also served as a delegate from this Section. His chief 
fields of spectroscopic interest are infrared and x-ray. 


Secretary 


Reverend J. J. Devlin, S. J., Department of Physics, 
Boston College, Boston, Mass. 


After discussion with several members of the Execu- 
tive Council, the Nominating Commitee has decided that 


TA? 


it is in the best interests of the Society that the office of 
Secretary be kept for the present, at least, at Boston Col- 
lege. They have accordingly asked Father Devlin to allow 
his name to be placed in nomination for another term as 
Secretary, without opposition, and he has accepted. 


The Nominating Committee recognizes the tremen- 
dous amount of work that Father Devlin has done for the 
Society over the past three years, and is grateful that he 
is willing to continue in his present capacity. 


Treasurer 


Dr. Isabel H. Tipton, Associate Professor, Department 
of Physics and Astronomy, University of Tennessee, Knox- 
ville, Tennessee. 


Mr. Andrew F. Rekus, Research Chemist, Baltimore 
Gas and Electric Co., Research Department, Baltimore, 
Maryland. 


Dr. Tipton received her B.S. from the University of 
Georgia and her Ph. D. from Duke University. After ten 
years as a wife and mother of four children, Dr. Tipton 
joined the staff of the University of Tennessee in 1948. 
Since that time, she has risen from the rank of instructor 
through assistant professor to her present position as as- 
sociate professor. In addition to her teaching duties, she 
is director of the program of spectrographic analysis of 
human tissue, under the Health Physics Branch of Oak 
Ridge National Laboratory. 


Dr. Tipton was chairman of the Southeastern Section 
and delegate to the Governing Board of S.A.S. in 1959 and 
1960. She is currently serving on the Conference Com- 
mittee of S.A.S. 


Mr. Rekus is a graduate of Loyola College, having re- 
ceived his B.S. there in 1941. He has also taken post- 
graduate work at Johns Hopkins University in emission 
spectroscopy, flame photometry, petrography, and x-ray 
diffraction. He was a delegate to S.A.S. from the Balti- 
more-Washington Section from 1958 through 1961 and 
has taken an active part on committees of the National 
Society. He has also been chairman of the Baltimore- 
Washington Section for 1960-61, and is presently secre- 
tary of the Eastern Analytical Symposium. 


| Letter 


| {The Editor will publish as the occasion 
arises, letters concerned with issues of in- 
| ferest to Spectroscopists] 


| Meetings 

) Sir: 

| As Spectroscopists, we all like to 
attend conferences and gain valuable 
j information from the papers present- 
ved, from the exhibits, and from the 
| “gab fests” with our friends. In 1961, 
| ten conferences will be held which are 
| sponsored by one or more tocal sec- 
| tions of SAS. This does not include 
| the specialized fields such as the infra- 
_ ced, Raman, mass, x-ray, etc. 


| Let’s stop and review this situa- 

|tion: (1) the organization of such 
jmeetings takes a lot of time and ef- 
fort; (2) such conferences are expen- 

| sive to operate; (3) there must be a 


en 


large attendance to be successful; (4) 
the papers presented must contain 
useful, informative information; and 
(5) the instrument manufacturers 
must have representatives at all con- 
ferences and exhibits at most of them. 
Considering all these points the hold- 
ing of conferences represents a lot of 
money and time, so we must insure 
that our companies are getting value 
for the money they spend. 


Until now, SAS has not taken any 
position on the conferences held but 
at the request of one local section, a 
conference committee was appointed 
to make recommendations to the Gov- 
erning Board on the policies concern- 
ing the forthcoming conferences. The 
following recommendations were pre- 
sented and approved by the Govern- 
ing Board in Chicago in May 1961. 


1. Type of Meetings 


A. Local 


section. 


sponsored by one local 


B. Regional—sponsored by two or 
more local sections. 


C. National—sponsored by the na- 
tional society. 


. Recommendations of Meetings 


A. That Regional meetings be held, 
if at all possible, as these meet- 
tings enable more people to at- 
tend a higher calibre meting. 


B. That SAS sponsor one meeting 
a year to be held in September, 
October or November. (Pitts- 
burgh Conference is a_ local 
meeting. ) 


C. That national meetings be ro- 
tated among the regions by pe- 
titions from those groups. 
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D. That the exhibitors be request- 
ed to exhibit only at the na- 
tional meeting. (They may ex- 
hibit at other meetings at their 
own prerogative. ) 


3. Form for Petitioning 


A. A triplicate written form must 
be made to the Conference 
Committee which shall submit 
it to the Executive Committee 
then to the Governing Board. 
The petition must contain: (a) 
An outline of the tentative or- 
ganization; (b) The names of 
the local section sponsoring the 
meeting; (c) The experience 
of the group in conducting 
large meetings; (d) The finan- 
cial status of the groups; (e) 
The available space for housing 
and exhibits; and (f) The ap- 
proximate number of non-vol- 
untary workers that would be 
required. 


B. The petitions for the 1963 
meeting must be submitted by 
October 1, 1961 so that the 
final decision of place can be 
made at the New York Gov- 
erning Board meeting. 


C. The petitions for 1964 and 


1965 should be submitted by 
Januaryaly 1962. 


D. Petitions for the annual meet- 
ing must be made a minimum 
of two years in advance of the 
contemplated meeting. 


. Conference Committee 


A.In order to have continuity, 
the members of this committee 
will serve three years. 


B. The members of the present 
committee have been staggered 
by presidential appointment— 
three to serve three years, two 
to serve two years and two to 
serve one year. 


C. All geographical regions will be 
represented on this committee. 


. Duties of the Conference Comit- 


tee 


A. Help to organize the national 
SAS meeting. 


B. Aid the regional meetings 
by helping to promote, and 
strengthen them. 

C. Arrange for keynote speakers 
at regional meetings (if need- 
ed) and help finance the cost 
of providing these speakers if 


a 
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the regional sections is not fi- 
nancially able to pay the speak- 
er. 


D. Be the clearing house for all 


conference details. 


E. Give any assistance requested by 
local or regional sections. 


The committee knows that this is 
just the beginning and that there are 
many problems that will have to be 
resolved in the near future. We do 
feel that the policy concerning the 
national meeting has been established. 
It is not within our jurisdiction to 
tell any group that they cannot hold 
a meeting, as many practicing spec- 
troscopists are permitted to attend 
regional meetings who never could 
attend a meeting of national scope 
unless it was in their region. How- 
ever, we would like for each group 
to raise the standard of their meeting 
by having informative papers that are 
well presented. 


Let us never forget that we, as 
practicing spectroscopists, must up- 
hold the objectives of SAS in that we 
must advance and disseminate the 
knowledge and information concern- 
ing the art and science of spectros- 
copy, etc. 

(Continued on page 13A) 


S.A.S. Local Section News 


Editor—Carl J. Leistner 


[Items for this column should be sent to the Editor, Mr. Carl J. 
Leistner, United Carbon Products Company, P. O. Box 747, Bay 
City, Michigan.] 


Eastern Analytical Symposium 
Hotel Statler Hilton, N. Y. November 15-17, 1961 


Preliminary Program 


Wednesday—A.M. 
Detectors for Gas Chromatography, X-ray Spectros- 
copy, Storage and Retrieval of Infrared Spectral Data 


Wednesday—P.M. 
Gas Chromatography with High Molecular Weight 
Polar Organic Compounds, Nuclear Magnetic Reso- 
nance, Emission Spectrography 


Thursday—A.M. 


Mass Spectroscopy, Advances in Physical and Chemi- 
cal Separations, Automation in Microchemical Analysis 


Thursday—P.M. 
Advances in Chemical Analysis, Advances in Physical 
and Chemical Separations, Molecular Weight Methods 


Friday—A.M. 
Food Additive Analysis, Applications of Radio Iso- 
topes, Electroanalytical Methods 


Friday—P.M. 
Applications of Nuclear Activation, Electroanalytical 
Methods 


_ Baltimore-Washington Section 


Date: October 3, 1961 

Time: 8:00 P.M. 

Place: W. R. Grace & Company, Clarksville, Maryland 
Program: Group Discussions 


Symposium on Research Methods 
and Instrumentation 


Bethesda, Maryland October 10- 13, 1961 


This Symposium is co-sponsored with the Washington 
Sections of the American Association of Clinical Chem- 
ists, American Chemical Society, Instrument Society of 
America, Society of American Bacteriologists, and Society | 
of Experimental Biology and Medicine. Examples of the 
latest types of research equipment. will be exhibited by 
instrument manufacturers. 


Monday—8:00 P.M. 


Applied Gas Chromatography 
Recent Advances in the Analysis of Lipids by Gas Chro- 
matography—S. R. Lipsky 


Gas Chromatographic Separations of Steroids and Re- 
lated Compounds—E. C. Horning, E. O. A. Haahti, 
and W. J. A. Vandenheuvel 


ATOMIC ABSORPTION INSTRUMENTATION 
provides greater scope than flame photometry 


This new Hilger & Watts 
equipment now offers an 
analytical method virtually 
free from inter-element 
interference. Its accuracy 
is largely unaffected by 
flame temperature—the 
technique generally needs 
only one working curve 
per element. 


Atomic absorption spec- 
troscopy approaches the 
ideal more closely than 
any other method and has 
been tested effectively in 
many diverse fields. 


AILGER 


& 


WATIS 


For additional information concerning this new equipment, ask for 


RON 


Hilger H700 Uvispek 
Burner assembly 
Hollow Cathode Lamp 
Atomizing chamber 


Sample holder 

Photo tubes 

Controls and readout 
Wave length drum 


SENOS 


Catalog CH 407 


ENGIS caquipmMent COMPANY 


AFFILIATED WITH HILGER & WATTS, INC. 


TELEPHONE: HARRISON 7-3223 


| 
| 
| 
| 


| 
j 


| 
| 
| 
| 
| 
| 
| 
| 
| 


(431 SOUTH DEARBORN STREET 


Application of Gas Chromatography to Amino Acids— 
D. E. Johnson, Sara J. Scott, and A. Meister 


Tuesday—2:00 P.M. 


Factors Influencing Interpretation of Spectra 


Factors of Importance in the Interpretation of Infrared 
Spectra—R. C. Lord 


Interpretation of Molecular Electronic Spectra—M. Kasha 
Factors Influencing the Interpretation of Nuclear Mag- 
netic Resonance Spectra—E. R. Becker 


Tuesday-—8:00 P.M. 


Optical Rotatory Dispersion 


The Application of Optical Rotatory Dispersion in Struc- 
tural Studies of Polyeptides and Proteins—G. D. Fas- 
man 


Applications of Optical Rotatory Dispersion to Structural 
Organic Chemistry—K. Mislow 


Optical Rotatory Dispersion Theory and Experiment— 
E. Charney 


Wednesday—2:00 P.M. 


Thermogravimetric Analysis 


Thermoanalysis: Thermogravimetry and Differential Ther- 
mal Analysis—S. Gordon 


Recent Thermoanalytical Techniques—P. D. Garn 


CHICAGO 5, ILLINOIS 
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The Use of Thermoanalytical Procedure in Radiation Ef- 
fects and Kinetic Studies—E. S. Freeman 


Wednesday—8:00 P.M. 


Electron Probe Analysis 
The Electron Probe Microanalyzer—L. S. Birks 


Applications of the Eiectron Probe Microanalyzer—C. M. 
Schwartz 

Biological Specimen Examination with the Electron Probe 
X-ray Microanalyzer—E. J. Brooks, A. J. Tousimis, 
and L. S. Birks 


Element Analysis (Cu, Ag, Fe) at the Subcellular Level 
in Tissue Sections of Human Specimens by Means of 
the Electronmicroprobe—A. J. Tousimis and I. Adler 


Thursday—2:00 P.M. 


Application of Physiological Instrumentation 
to Clinical Problems 


Clinical Measurements of Biological Vibrations in Normal 
and Disease States—M. L. Petrovick and Jo Brumlik 


Acquisition of Physiological Data at the Bedside—L. A. 
Geddes, W. A. Spencer, H. E. Hoff, D. M. Hickman, 
A. G. Moore, M. Hinds, and M. Guadiano 


The Use of Ultrasonic Echo-Ranging to Record the Mo- 
tion of Heart Walls and Septa—J. M. Reid 


‘Continued on page 15A 
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EXAMPLE 


NMR spectra of nucleosides 


Interpretation: Adenosine, or adenine riboside, forms a triace- 
tate!') which is soluble in CDCl;. The NMR spectrum of this solu- 
tion permits assignment of the peaks and correlation with the 
molecular structure. Chemical shifts are measured in parts per 
million (5 units) with shifts toward lower field being considered 
in a positive sense relative to the internal reference material, 
tetramethylsilane, equal to zero. 


The adenine ring protons fall at 58.43 (506 cps.) and 8.09 
(485 cps.). These large shifts are characteristic of aromatic pro- 
tons, particularly heterocyclic rings involving nitrogen. The NHz 
group appears at 5=6.62 and displays a typical broadening. 
H, is spin-coupled to one neighbor, Hp, and is found as a simple 
doublet centered at 56.29, due to the combined effect of ad- 
jacent oxygen and nitrogen which results in the largest shift of 


SWEEP TIME: _ 
SWEEP WIDTH: 
SWEEP OFFSET: 


CHo and Hg 


Integral 


For other examples in this series and for 

current technical information on Varian NMR and 
EPR Spectrometers, write the Varian Associates 
Instrument Division. 


NMR AT WORK SERIES 


any of the ribose protons. Hp is equally coupled to Ha and He, 
resulting in a symmetrical triplet centered at 56.03. He is 
coupled more weakly to Ha than to Hp and the situation is further 
complicated by the accidental degeneracy of Ha and the CH2 
group which results in an unresolvable complex of lines for He. 
The integral curve confirms the assignments, particularly the over- 
lapping of Ha and the CH2 group, since the area of the peak at 
5 = 4.47 is found to correspond to 3 protons. 

In accord with these results, the work of Cohn'*) shows that NMR 
spectra can be of considerable value in elucidating the structures 
of unusual nucleosides. 

(1) Sample supplied through the kind cooperation of Dr. John 
S. Webb, Lederle Laboratories. 

(2) Cohn, W. E., J. Biol. Chem., 235, 1488 (1960). 


VARIAN associates 


PALO ALTO 46, CALIFORNIA 
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(Continued from page 120) 


The first SAS sponsored conference 
will be the International Conference 
to be held at the University of Mary- NEW MODEL 
land, College Park, Maryland, June 
25-29, 1962. Let’s start making plans 
| now to attend this conference which 
is less than a year away. Spectros- 
copists, this is your conference so 
| make it a success! 


Any suggestions or criticisms of 
these recommendations should be’ sent 
| to Mrs. Sarah H. Degenkolb, Confer- 
| ence Committee Chairman, American 
| Steel and Wire Division, Research 
| Laboratory, Wire Avenue, Cleveland 
: 5, Ohio. 


| Sarah H. Degenkolb 
| 

| eg ete 
What’s New?— 


(Continued from page 7A) 


| A new special purpose photomulti- 
plier has been developed by the Bendix 
Corporation, Cincinnati Division. 


| This device covers the spectral 
| range from below 2 to 1500A by the 
| use of a windowless design. It with- 
| stands indefinite exposure to moist 
: . . . 

| air and has survived rocket launching 
|| for solar spectrum studies. The rise 
| time is less than 5 x 10° sec and the 
/ : 

) dark current is less than 0.1 electron/ 
| sec referred to cathode. 
t 

; 

} 

k 


Another fine instrument in the Cary tradition of highest quality 
is the new Model 15 Recording Spectrophotometer. Significant 
design advancements contribute to its outstanding, versatile 
performance. Instrument operating limits, 1750-8000 A, extend 
precision usefulness over a broader range. Reduced beam size 
(1.0x0.3 cm) assures maximum reliability with minimum samples. 
Coupled scan and chart drive affords extreme operating simplicity 


| Jarrell-Ash Company, Newtonville, 
| Massachusetts is offering an instru- 
} ment for atomic absorption spectros- 
y) copy. 


}| The apparatus consists of a hollow 
cathode discharge tube, several burn- 
iers, and a multiple pass attachment 
} all mounted on the optical bar of a 


| high resolution grating spectrometer. 
||The signal is picked up by a photo- 
) multiplier and recorded by a high 
j\sensitivity recording system. 


| 
‘i 
} 


with single variable speed control. For complete technical infor- 
mation on the Model 15, ask for Data File D28-81. 


APPLIED PHYSICS COR PORATION 


2724 SOUTH PECK ROAD: MONROVIA, CALIFORNIA nal 


INSTRUMENTS 


Raman/UV/IR Recording Spectrophotometers ¢ Vibrating Reed Electrometers 


WONDER 
ELECTRIC MORTAR 


END MIXING—GRINDING DRUDGERY 


Using Plastic, Metal or Agate Vials the Wig-L-Bug 
will become indispensable to you as it has al- 
ready in hundreds of laboratories in this coun- 
try and dozens of countries abroad. Use plastic 
vials for mixing powders or preparing mulls with 
mineral oil. For grinding hard materials use the 
hardened tool steel or agate vial. With these you 
can obtain 200 mesh materials in 2-3 minutes. 


in small models illustrated. For pulverizing, grind- 
ing, crushing, mixing, diluting laboratory samples 
quickly, consistently and uniformly. In optical emis- 
sion and X-ray spectrographic laboratories this in- 


strument is ideal for mixing and grinding both samples 


and standards. Not only is the effort of Mortar & 
Pestle labor eliminated but results are made more re- 
producible as consistency in particle size is attained 
every time. 

A 4%, HP. Split Phase Motor complete with 1 hr. timer 
and special adapters and arms to hold Plastic, Carbide 
or Stainless Steel Capsules & Pestles. Approximate 
weight 40 Lbs. Price $250.00 (No Accessories included). 
Fin type bearing retainer for longer running inter- 
vals available at $15.00 additional. FOB factory. 
ACCESSORIES FOR NO. 6 include Plastic Balls & Vials 
(60 ml) to eliminate metallic contamination. 

Stainless Steel Vials 6 ml or 10 ml and Rod Pestles or 
Ball Pestles. Tungsten Carbide 6 ml and 25 ml Vials 


and Rod or Ball Pestle. 


ACCESSORIES FOR 5A 
OR 3A WIG-L-BUGS 


~ $113 Adapter, for 44” dia. 
. x 1” long vials. 
. 3111 Vial, 44” x 1” poly- 
: styrene with cap. 
_ 3112 Ball-pestle, clear 
: plexiglas, 34” dia. 
_ $115 Adapter for 42” dia. 
< x 2” long vials. 
— 3116 Vial, 15” x 2” poly- 
_ styrene with cap. 

3113 Adapter for 44” dia. 
: x 1” long vials. 
_ 3114 Vial, 


stainless steel 
16” x 1” with ball-pestle 
44” dia. 
Vial, tool steel 
(hardened) 49” 1” 
< with steel ball-pestle 
. 4” dia. 
3118 Vial, agate 9/16” dia. 


X 15/16” long 2 ml ca- 
pacity with agate ball- 
pestle 14” dia. (Re- 
quires 3115 adapter). 


HEAVY DUTY +6—FOR YOUR MIXING 
roo gerry AND GRINDING PROBLEMS 


in the Field of Powder Metallurgy 
—Ceramics—X-Ray Spectroscopy— 
X-Ray Diffraction—Emission Spec- 
troscopy and Analytical Chemistry. 


A HIGH SPEED MIXER GRINDER, same agitating action as 


For preparing KBr pellets use stainless steel or 
agate vials. Invaluable in the fields of X-Ray 
Diffraction, Emission Spectrographic Analysis, X- 
Ray Spectroscopy, Infra-Red Spectroscopy, Metal- 
lurgy, Geology, Oil Research, Aluminum Manu- 
facture, Chemical, Paint and Color Analysis, 
Ceramics, Foods, Agriculture. 


SA 


5A—Wonder Electric Mortar—the action is 
reciprocating in the form of a figure 8 
swung through a 6 14° arc at 3200 RPM, 
the ball pestle then strikes the end of 
the vial some 2000 times in ten seconds. 
Can be run continuously for 5 minutes 
(and this depends on the load) with a 
rest period between the 5 minutes to 
cool the motor completely. 


Wi 


3A—Model with Fan and 1 hour timer—same 
type of motor and action as 5A Model 
but this 3A can be run for 20-30 minutes 
with cooling off periods between to cool 
the motor. 


THE WIG-L-BUG HAS REVO- 
LUTIONIZED MIXING & 
GRINDING PROCEDURES — 
A TREMENDOUS TIME SAVER, 
CONSISTENTLY UNIFORM RE- 
SULTS. AN INDISPENSABLE 
me dad MORTAR MIX- 


Write for Literature and Prices 


CRESCENT DENTAL MANUFACTURING CO. 


1837 So. Pulaski Road 
14A 


Chicago 23, Ill. 


(Continued from page 11A) 

The Instantaneous and Continuous Computation of Aortic 
Blood Velocity from the Spatial Pressure Gradient in 
Man—S. M. Fox, Ill, D-1. Fry, A. J. Mallos, J. C. 
Segue J. R. Warbasse, F. M. Freitas, and D. J. 
Pate 


| Thursday—8:00 P.M. 


Electron Magnetic Resonance 


| Applications of Electron Magnetic Resonance to Chemical 
and Biochemical Studies—E. D. Becker 


The Role of EPR in Free Radical Chemistry—L. Piette 


‘Electron Magnetic Resonance Studies of Free Radicals in 
Organic Crystals—T. Cole 


| The Application of Electrochemical Methods to the Study 
of Free Radicals by Electron Spin Resonance—A. H. 
Maki 
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Pittsburgh Section 
The Pittsburgh Conference on Analytical 
Chemistry and Applied Spectroscopy 


March 5-9, 1962 


Symposia on Chemical Analysis of Metals, Gas Chro- 
|pmatography, Raman Spectroscopy, Spectroscopic Studies 
jpof Polymers, and Vacuum Spectroscopy are planned. In 
jpaddition, original papers on all phases of analytical chem- 
istry and spectroscopy are invited. The number of papers 
j}included in the program will be limited. All papers will be 
jpevaluated by the program committee before acceptance. 
‘The absolute deadline for receipt of abstracts is October 
H16, 1961. 


Again this year the Exposition of Modern Laboratory 
Equipment will include more than 100 exhibitors. The 
Exposition will give an opportunity to see the latest in 
chemicals and equipment for analysis and permit personal 
\;discussion with the manufacturers. 


|} Penn-Sheraton Hotel 


Correspondence regarding papers should be submitted 
jan duplicate to: Dr. C. F. Glick, Program Chairman, The 
(Pittsburgh Conference, Applied Research Laboratory, 
United States Steel Corporation, Monroeville, Pa. 


i | Ferry, N. Y.] 


General Electric Annual X-Ray Diffraction 
and Emission School 


September 11-15, 1961 


There will be a comprehensive review of fundamental 
K-ray physics and crystallography; theory of diffraction 
jand emission; a review of instrumentation; and lecture- 
Speen iation laboratory sessions on diffractometer, spec- 


| 
Milwaukee, Wisc. 


}trometer, single crystal orienter, and film instruments. 


|}, Dr. David Harker, who has served as the main lecturer 
\For nine years, will be joined by six invited guest speakers 
ho will review their work in the x-ray field. Contact 
r. W. F. Loranger, X-Ray Department, General Electric 
|-ompany, Milwaukee 1, Wisconsin. 


INFRARED 


Crystals are not just a sideline at Isomer. 
Years of research and development have en- 
abled us to produce consistently the highest 
quality crystals obtainable and at attractive 
prices. We go all out to serve you with 


HIGHEST QUALITY 
ATTRACTIVE PRICES * PROMPT DELIVERY 


—three good reasons why leading spectro- 
scopists everywhere are turning to IsomeT for 
their crystal needs. Why don’t you try us on 
your next order. 


NaCl, KBr, KCI, KI, CsBr, Csl, BaF.,, MgO 
Rough blanks, polished windows, prisms, special shapes. 
Standard liquid and gas cells; special cells. 
Repair and polishing service for cells and windows. 

eae KBr Pellet Powder. 


gpricat CRYSTALS wRITE TODAY for price list and 
mere free Technical Bulletin No. 1579. 
CSO ee 


Spectroscopist—Would like position with a future. 
20 years experience with x-ray, electron and 
emission spectroscopy. Two years with analytical 
chemistry. Write J. F. Woodruff, 3437 Central 
Avenue, Middletown, Ohio. 
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News of Other Societies and Institutions 
Editor—Raymond R. Sawyer 


[Contributions to this column should be sent to the Editor, Mr. 
Raymond R. Sawyer, Columbia University, Hudson Laboratory, Dobbs 


Optical and X-Ray Quantometer School 
Dearborn, Mich. October 2-6, 1961 


This school will cover the fundamentals of emission 
spectroscopy and the instrumentation associated with it. 
Considerable time will be taken for the study of the equip- 
ment including training on methods of calibration, main- 
tenance, and servicing procedures. The relationship be- 
tween optical and x-ray applications will be covered and 
laboratory exercises dealing with all phases of the work 


will be included. 


Contact Applied Research Laboratories, P.O. Box 
1710, Glendale 5, California. 
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If your particular application is for control or research 
samples in solid, powder or liquid form 
problem is quantitative or qualitative 

POWER UNITS provide and insure the sensitivity, precision and 


dependability for your needs . 


25 “LAB TESTED” models to choose from . 


your analytical 
OUR NSL SPEC 


Model 110-10 


LOADED WITH FEATURES ... 
35 RF ampere AC spark, Spark-ignited 
AC Arc, Spark-ignited Unidirectional Arc, 
Sustaining AC Arc, Pu 
DC Arc. 


We also design and engineer special source units to meet your exacting requirements. 


Research 
” 


110-1 
116-50 


CABINET 
Console 
” 


IGNITED 
ARC 


VOLTAGE 


COMPONENTS AND RATING 


PULSAT. 
X 


Standard 


*710-10 
*110-91 
110-92 
110-93 
110-94 
110-97 
110-81 
110-82 
110-83 


< >< >< XK >< | OX O&K 


Standard 


110-910 
110-920 
110-810 


<>< >< | KK 


Compact 


110-710 
110-720 
110-730 
110-750 


Spectrol 


110-21 
110-23 


Portable 


*Arc programming available at extra cost 


NS 


SEE YOUR NEAREST NSL REPRESENTATIVE ... 


LOS ANGELES 54, CALIFORNIA 
1363 S. Bonnie Beach Place 


ANgelus 9-9311 


NATIONAL CITY, CALIFORNIA 


2100 Haffly Avenue 
GRidley 7-2741 
PHOENIX, ARIZONA 


P.O. Box 1431, 2930 West Osborn Rd. 


Alpine 4-6111 
TUCSON, ARIZONA 
2030 East Broadway 
MAin 2-7796 


Foreign Representative - BRANDES INTERNATIONAL COMPANY + Cable Address EXIMP 


VAN WATERS & ROGERS, INC. 


EL PASO, TEXAS 
6980 Market Avenue 
PRospect 8-4225 
ALBUQUERQUE, NEW MEXICO 
324 Industrial Avenue, N.E. 

Dlamond 4-3407 


SAN FRANCISCO 19, CALIFORNIA 
1400 16th Street 
HEmlock 1-8800 


WEST SACRAMENTO, CALIFORNIA 
850 South River Road 
FRontier 1-7600 


6300 Euclid Avenue « Cleveland, Ohio » UTah 1-4664 
1180 Palm Avenue « Hialeah, Florida » TUxedo 5-1691 


SALT LAKE CITY 4, UTAH 
650 West 8th Street South 
EMpire 3-396] 


DENVER 17, COLORADO 
4300 Holly Street 
DUdley 8-565] 


SEATTLE 4, WASHINGTON 
600 Spokane Street 
MUtval 2-3460 


PORTLAND 10, OREGON 
3950 N.W. Yeon Avenue 
CApitol 2-172] 
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NSL 


6300 EUCLID AVE. 
CLEVELAND, OHIO 


Please Send... 


Name 


Company 
Address 


City 


Isating Arc, 


SUSTAIN ce 
X X 


and 


>< >< >< >< | >< 


OO Bulletin Covering Cat. No. 
O) Information on Arc Programming 


State 


LOCATE AND INTERPRET 


IR SPECTRA 


ACCURATELY, QUICKLY WITH SADTLER SPECTRA#* 


Identification of an infrared spectrum can be 
accomplished through familiarity, by making 
additional spectra of suspected compounds to 
locate a matching spectrum—or by compar- 
ing the unknown spectrum against a known 


reference. 


The Sadtler Standard Spectra assure positive 
identification of an unknown spectrum in min- 
utes. The complete Sadtler file of spectra in- 
cludes such useful information as chemical 
name, empirical formula, molecular structure, 
source of test sample, size and nature of 
sample, and more. Sadtler Standard Reference 
Spectra are available singly, or they may be 


obtained in bound volumes containing three 


ASK FOR DATA FILE 304-1... 


spectra per page. Twenty volumes cover over 
19,000 spectra. 


*Sadtler has devised a special index for locating 
a desired spectrum. The SadtlerSPEC-FINDER 
lists all Sadtler Standard Spectra in a numerical 
absorption-band system. The comparison spec- 
trum for an unknown is found simply by 
turning to the section of the index listing the 
strongest band. Location of some of the remain- 
ing bands then gives the serial number of the 
standard spectrum. 


FREE Pocket-sized booklet of 
25 most frequently used infra- 
red spectra. No obligation. 
Ask for Sadtler Reference 326. 


.or more information and samples of standard spectra 


ries onADTLER 


Source: Aldrich Chemical Company, Inc,, Milwaukee, Wis. 
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BECKMAN IR4 


6-ALLYL-2, 3-XYLENOL C11H140 Mol. Wt. 162,23 
CM-? NER ARED SPECTROGRAM 
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SCANNED OF 


MICRONS ae Salts 


Dependable research for 
the chemical industry since 1874. 


RESEARCH LABORATORIES 


FIFTEEN/SEVENTEEN VINE 


Sy ints lu 


PHILADELPHIA 2, 


PENNSYLVANIA 


‘Wyman- -Gordon depends on 2 a Spectrograph 


Wyman-Gordon Company produces a 


larger volume and wider variety of air- 
craft and missile forgings than any other 
metal fabricator in the world. Products in- 
clude: fuselage frames (aluminum); land- 
ing wheels (magnesium); piston engine 


crankshafts (steel); turbine wheels (nickel- : 


base alloy); missile re-entry shields Koop: 
- per); and missile cones (titanium). 


Such critical forgings demand the highest 
degree of quality control. Wyman-Gordon 
chose a Baird-Atomic Research Direct- 
Reading Spectrograph to do the job. With 
this instrument, one preset direct-reading 
head can be used for aluminum alloys, 
another for magnesium, a third for nickel, 
and so on. For non-routine or infrequent 


analyses, the unit can be used photo- . 


to analyze ie variety of metals for aircraft and missile forgings 


graphically, permitting one instrument 


to do the work of two. Changeover takes 
just 5 to 10 minutes. ; ; 


» More’ than 5,000 inalyees are made on 
the Spectrograph each month .. .some- 


times at the rate of one a minute.Its speed,: 
flexibility and dependability play a key 
role in maintaining the quality and de- 
pendability of Wyman-Gordon forgings. 
This same quality control and. time-sav- 
ing convenience can be yours with a B/A 
Direct-Reading Spectrograph. Write for 
information. 


Engineers and scientists: Investigate challeng-. 
ing opportunities with B/A. Write Industrial 
Relations Director. All qualified applican ts will 
receive consideration for employment without 
regard to race, creed, color.or national origin. 


BAIRD -ATOMIC,/NC. 


i university road + cambridge 38 mass. 


AP VANCED OPTICS AND ELECTRONICS... SERVING SCIENCE 


INFRARED 
lg 4) eSSOries 
FOR KBr TECHNIQUE 


ULTRAMATIC BALANCE. 


© 


CLEAR, HOMOGENEOUS PELLETS 


SPE XC INDUSTRIES, INC 


P.O. BOX 98 * SCOTCH PLAINS, N. J. 


SPE XC INDUSTRIES, 


P.O. BOX 98 * SCOTCH PLAINS, N. J. 


THE COMPACT ATOMCOUNTER 


| 


For 
Less Than 


$ 20,000 


Large expensive direct reading spectrometer installa- 
tions have been in use by many large concerns. These 
investments have paid huge dividends by increasing 
the quality and quantity of many products. 


Now the Compact Atomcounter supplements Jarrell- 
Ash’s large direct readers with a simple, reliable, com- 
pact instrument of unexcelled analytical precision. 
Jarrell-Ash’s development group built the compact 
direct reader, guided by experience from its over 400 
worldwide spectrochemical installations. Designed for 


economy, the low cost of the Compact Atomcounter 


makes it possible for a firm with a limited budget to 


obtain the kind of expanded output and improved — 


quality which has paid off for concerns that have in- 
vested in more elaborate installations. 


Unexcelled analytical precision — typically 1.0% B 01% 


Speed of analysis — complete 10 element analysis in 2-2Y%2 minutes ‘ 4 


The Compact Atomcounter is recommended for the! 


analysis of aluminum, copper, zine, lead, magnesium 
and other low melting point alloys, most ferrous metals, 


ores, minerals, leaves and soils, oils and other common. 


spectrochemical applications. 


For further details, contact.... 


JARRELL-ASH COMPANY 


25 Farwell Street, Newtonville 60, Massachusetts 
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